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PREFACE

This may seem a rather large book to devote to an anatomic structure that measures only 10 to 12 cm in

length and that is often considered a passive conduit. In addition, lesions affecting the trachea are hardly

common. Their very rarity, however, is a principal reason for this book. I have tried to distill here 40 years

of experience, ranging over a period in which contemporary airway surgery essentially developed. I hope

that surgeons or physicians facing a clinical airway problem can amplify their knowledge here. Contribu-

tors to this book are all practitioners, who write from mature experience.

Part 1 presents basic information on the trachea, its diseases, diagnosis, and results of treatment. Part

2 provides a surgical manual plus descriptions of special problems and their management. The organiza-

tion of the “manual” is based on the fact that surgical strategy often depends as much on the location and

extent of a lesion as it does on its etiology. Edith Tagrin has worked long and hard to produce elegant draw-

ings that are detailed and precise.

An experienced thoracic surgeon who observed our tracheal surgery for half a year commented that

one of the most important things he had learned was how different each case could be—often in subtle

ways. Such differences influence operative decisions and strategies, and affect outcome in major ways. If the

reader finds useful guidance in these pages, then the book will have met its goals.

Hermes C. Grillo

September 2003
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“A distinction can…be drawn between specialization

in a technical field and concentration in a circum-

scribed area of learning. The difference lies in the ten-

dency of a technical specialist to exclude all other

subjects from his interest and study. The concentra-

tor seeks to maintain an active curiosity and interest

concerning all techniques that might be useful in his

area of concentration, and views his work in proper

perspective with science as a whole.”

Edward D. Churchill, 1946

“…the relative success or failure of any surgical pro-

cedure lies in attention to what may on first thought

appear to be unimportant small details.”

Richard H. Sweet, 1950
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I N T R O D U C T I O N

Development of Tracheal Surgery:
A Historical Review

Techniques of Tracheal Surgery

Treatment of Tracheal Diseases

Conclusion

Hermes C. Grillo, MD

Despite the antiquity of tracheostomy, tracheal surgery was the last anatomic subdivision of cardiothoracic

surgery to develop. In 1950, Belsey observed, “The intrathoracic portion of the trachea is the last unpaired

organ in the body to fall to the surgeon, and the successful solution of the problem of its reconstruction may

mark the end of the ‘expansionist’ epoch in the development of surgery.”1 Following the introduction of intra-

tracheal anesthesia, enormous strides were taken in pulmonary surgery in the 1930s, in esophageal surgery in

the 1940s, and in cardiac surgery in the 1950s after cardiopulmonary bypass became a reality.2,3 In 1961,

Richard Meade noted,“Carcinoma of the trachea is a rather rare lesion, and when it is found, it is usually found

to be entirely inoperable. In rare instances, the lesion is so localized that the involved trachea can be resected,

and with mobilization, the ends can be brought together. This is seldom true and one is faced with the prob-

lem of what to do after resection of the trachea.”4 The 1960s proved to be a decade when advances in tracheal

surgery quickened.5 Thus, by 1990, resection rates for tracheal tumors reached 63% for squamous carcinoma,

75% for adenoid cystic carcinomas, and 90% for other tumors.6

The following is not a comprehensive review of the literature on tracheal surgery. Rather, it is a selec-

tive account of tracheal surgical development. Current references are not necessarily included unless they

report progress in the fundamentals or significant evolution of the techniques. For historical reasons, I have

therefore often referred to an author’s earlier paper rather than to more complete later reports. Emphasis is

on the beginnings and early development of important concepts and procedures. I am certain that there are

omissions in this account, for which I express regret. The review is divided into two parts. The first part traces

the evolution of techniques of tracheal surgery. The second part records the acquisition of information about

characteristics and treatment of specific diseases of the trachea. There is, of course, considerable overlap.

Techniques of Tracheal Surgery

Tracheostomy

Even a brief history must note the ancient use of tracheostomy for a variety of indications. The story has been

traced by a number of authors.7–10 Although Aretaeus and Galen remarked on the use of tracheostomy in the
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second and third centuries, the arteria aspera, the “rough artery,” as the trachea was known for generations,

only slowly entered the surgical theater. The specific technique of Antyllus in the fourth century CE is record-

ed.7 Fabricius of Aquapendente, who introduced the idea of a tracheostomy tube, warned of the danger of this

intervention. Tracheostomy was regarded with fear and considered inappropriate by most. In 1546, Antonio

Musa Brasavola of Ferrara treated a pharyngeal abscess by tracheostomy after the patient had been refused by

barber surgeons. In his thorough and excellent review, Goodall identified this as the first recorded successful

tracheostomy, despite many ancient references to the trachea and possibly to its opening.7 Marco Aurelio 

Severino used tracheostomy during an epidemic of diphtheria in Napoli in 1610, performing it through a 

vertical incision recommended by Fabricius (Gerolamo Fabrizio d’Aquapendente).11 In Paris, 1620, Nicholas

Habicot performed tracheostomies, which he termed “bronchotomy,” for one patient who had blood clots in

the trachea, and for another who attempted to foil a highwayman by swallowing a bag of gold coins which

then stuck in his esophagus and compressed the airway. Tracheostomy relieved the obstruction. We have no

record of what happened to the bag of gold. Surprisingly contemporary tracheostomy devices are illustrated

in seventeenth-century texts, including Habicot’s Question Chirurgicale (Figure 1), Sanctorius’ (Santorio San-

torio) Commentaria in 1625, and Julius Casserius’ Tabulae Anatomicae in 1627. Thomas Fienus of Louvain

used the word “tracheotomy” in 1649, although it was not often so called for another century.

Over the centuries, a few reports of successful tracheostomies have been made.7 A drowning victim

was treated with tracheostomy by Georges Détharding in 1714. In 1720, René-Jacques Croissant de Garengeot

described the division of the thyroid isthmus in order to accomplish a tracheostomy, using a long vertical

incision that went almost from chin to sternum. He further argued that failure of the tracheostomy was often

due to its being performed too late. Lorenz Heister, in 1718, is said to have been the first to use the word “tra-

cheostomy.” In 1730, George Martin described an inner cannula for the tracheostomy tube, a device sug-

gested to him by a layman. Chovell, in 1732, performed a tracheostomy at the request of a patient who faced

death by hanging. Unfortunately, this did not save the accused. Goodall found reports of 28 successful tra-

cheostomies done prior to 1825, when Pierre Bretonneau in Tours used tracheostomy with success in treat-

ing “croup.”7 In Paris, 1831, Bretonneau’s pupil, Armand Trousseau, applied the technique in management

of diphtheria, saving about a quarter of 200 children who were dying from the disease.

Tracheostomy changed little technically, although controversy continued about its indications, loca-

tions, and hazards.9 Chevalier Jackson largely cast it in its modern form, cautioning against tracheostomy high

in the trachea.12 He believed that “tracheotomy is the worst done of all operations.”13 Tracheostomy found

application in general anesthesia, but was soon displaced by endotracheal intubation.14 As diphtheria waned,

tracheostomy was used in poliomyelitis, to prevent infection, in head and chest injuries, after major surgery,

and to reduce dead space. The endotracheal tube largely replaced tracheostomy as a preferred method to

establish an emergency airway. Later, tracheostomy vied with endotracheal intubation for management of

secretions, and, subsequently, as a route for mechanical positive pressure ventilation. A high incidence of com-

plications was recognized even prior to the frequent appearance of postintubation injuries.8,15,16 Plastic surgi-

cal closure of a persistent tracheostomy by a cutaneous inversion technique was described by Lawson and

Grillo in 1970.17

Repair and Healing of the Airway

An ancient concern that cast a shadow on tracheal surgery into the twentieth century was that cartilage

healed poorly. Hippocrates had cautioned, “The most difficult fistulae are those which occur in the carti-

laginous areas….”18 In the second century CE, Aretaeus pronounced, “The lips of the wound do not coalesce,

for they are both cartilaginous and not of a nature to unite.”7 As late as 1990, Naef repeated that “tracheo-

bronchial tissue, as compared to the stomach, intestine, or even skin, does not heal well… both the rigidi-

ty and the poor blood supply of the cartilaginous structure are definitely major handicaps.”19
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FIGURE 1 Tracheostomy pictured by Nicolas Habicot in Question Chirurgicale. Par
laquelle il est demonstré que le chirurgien doit assurément pratiquer l’operation de la
bronchotomie. J. Corrozet, Paris, l620. A, The patient. B, The larynx. C, The wound or
bronchotomy. D, The instrument for bronchotomy. E, The hollow cannula. F, The straps
for fastening it on the neck. G, Plain smooth band to apply over the cannula to scatter the
air stream. H, Needle to suture the wound when one removes the dressing to make the
wound heal.
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Nonetheless, examples of early attempts and sometimes success in bronchial and tracheal repairs

after trauma are recorded. Indeed, The Rigveda, a book of Hindu medicine dating from between 2000 and

1000 BCE, noted that the trachea can reunite “when the cervical cartilages are cut across, provided they are

not entirely severed.”9 Ambroise Paré described suture of tracheal lacerations in the mid-1500s in three

patients, the first from a sword wound, and the latter two from knife wounds.20 The first patient survived

despite a concomitant injury to the internal jugular vein. The second patient suffered division of both the

trachea and esophagus and died. We do not know the outcome of the third patient. Brasavola observed

recovery after a suicide attempt severed five tracheal rings.7

Eventually, cumulative clinical experience in the twentieth century established that the trachea healed

firmly with suture repair after laceration or rupture.21–27 Jackson and colleagues demonstrated firm healing

of experimental bronchial anastomosis in 1949.28 In 1950, Daniel and colleagues confirmed fibrous tissue

repair of linear tracheal incisions in the laboratory, as did Rob and Bateman clinically in 1949.29,30 Quinby

and Morse pointed out experimentally, for the first time in 1911, the importance of peribronchial tissue in

bronchial closure.31 In 1942, Rienhoff and colleagues made fundamental observations that bronchial heal-

ing after pneumonectomy was accomplished by new connective tissue, which grew over the ends of the

stump, rather than by mucosal healing alone.32

End-To-End Tracheal and Bronchial Anastomosis

Glück and Zeller, in 1881, demonstrated healing after end-to-end tracheal anastomosis in dogs and believed

the technique could be applied in man.33 Colley, in 1895, in order to avoid stenosis, tried elliptical and bay-

onet anastomoses in dogs after resecting five rings.34 Primary anastomosis of the cervical trachea, after lim-

ited resection for post-traumatic stenosis, followed in 1886 by Küster, apparently the first in man.35 In 1898,

Bruns performed an extended lateral excision of a papillary tumor in the cervical trachea, but managed the

tracheal defect by packing and with a cannula.36 Complex methods for repair of cervical tracheal defects,

with skin or fascia lata, were also explored in the early twentieth century by Nowakowski in 1909 and by

Levit in 1912, among others.37,38 Eiselsberg successfully performed a second resection of 1.5 cm of trachea

in one patient.39 Mathey and colleagues commented in 1966,“This type of radical tracheal surgery was then

forgotten for half a century.”40

The era of open thoracic surgery had arrived. By 1936, Churchill had refined the technique of lobec-

tomy to achieve a 2.6% mortality rate.41 As interest in bronchial and tracheal surgery grew by the mid-

twentieth century, laboratory experiments confirmed that healing followed end-to-end anastomosis of

both bronchi and trachea, although sometimes with stenosis.28–30,42–45

Bronchial repair after trauma proved the feasibility of airway reconstruction. Sanger described

bronchial repair in patients during World War II.46 In 1949, Griffith resected a stricture and anastomosed the

bronchus 3 months after rupture.47 Other late repairs of ruptured bronchi followed.48 Scannell first performed

immediate repair of a bronchus ruptured during closed injury in 1951.49 Belcher in 1950 and Mathey and

Oustrieres in 1951 reported reanastomosis of main bronchi after accidental division during surgery.50,51

Earlier cautious enlargement of bronchial stenosis by wire-supported dermal grafts were replaced by

resection and reconstruction.52,53 The technique was applied to low-grade tumors and to carcinomas as sleeve

lobectomy evolved.54–58 The evolution of sleeve lobectomy is described in more detail in Chapter 16,“Bronchial

Sleeve Resection.” Concurrent vascular sleeve resection was also pursued by Johnston and Jones.59 Main

bronchial resection without removal of lung tissue was extensively described by Newton and colleagues.60

Inhibitions to Tracheal Reconstruction

With retrospective wisdom, we may ask, “What were the barriers to application of the bronchoplastic and

tracheal anastomotic techniques, just noted, to clinical tracheal resection and reconstruction?” I have men-



tioned a persistent suspicion that tracheal cartilage healed poorly. A second, more insistent concern was

that only a very limited segment of trachea could be removed and reanastomosis accomplished. In 1909,

Nowakowski placed the limit of resection at 3 to 4 cm, from cadaver studies.37 Colley and Küster respec-

tively reported resections of three rings and 2 to 4 cm.34,35 Rob and Bateman, on the basis of cadaver dis-

section, placed the limit at 2 cm.30 Belsey believed that three or four rings, about 2 cm, was the limit in

man.1 Cantrell and Folse placed the limit at two rings if over 80 years of age.61 Nicks cited “one inch or

more” as a limit in the cervical trachea.62 These presumed limits led to devising complex methods of cer-

vical tracheal reconstruction with available tissue flaps and transfers, and, further, to a century-long search

for a means of tracheal replacement. This search ranged over foreign material in many forms, autogenous

tissue constructions, tissue and foreign material complexes, fixed or “tanned” tissues, transplantation, and,

recently, tissue engineering. Success has eluded investigators to date. The story of this frustrating pursuit

and the reasons for its overall failure thus far are detailed in Chapter 45, “Tracheal Replacement.”

An additional difficulty for reconstruction was maintenance of safe, continuous, and stable ventila-

tion throughout the procedure, especially for intrathoracic tracheal operations. The evolution of anesthet-

ic techniques is discussed later. Finally, primary tumors of the trachea remained rare, as can be seen from

earlier chronicles of their occurrence.63,64 Stenoses from traumatic, iatrogenic, or inflammatory causes were

not seen frequently before 1960. Thus, any single thoracic surgeon was not often challenged. Each case was

largely dealt with in ad hoc fashion.

Primary Resection and Reanastomosis: Initial Experiences

In the mid-twentieth century, the recrudescence of interest in tracheal surgery was marked by experiments

in tracheal healing and replacement, and by renewed clinical efforts. Earliest attempts at reconstruction of

the cervical trachea were still most often by staged, complex repairs, typified by Crafoord and Eindgren’s

cutaneous reconstruction after tumor removal in 1945.65 Belsey appears to have been the first to have dared

to remove intrathoracic tracheal tumors, but his repair was with wire-supported fascia, leaving a residual

strip of mucosa for continuity and for epithelial regeneration.1 Clagett and colleagues and others followed,

using polyethylene tubes or patches to repair the defects.66 The story of these efforts to replace the trachea

partially or circumferentially is related in Chapter 45, “Tracheal Replacement.”

Despite continued concerns about the feasible length of tracheal resection and lingering doubts

about cartilaginous healing, a number of successful resections and reconstructions with primary anasto-

mosis were described in the 1950s and early 1960s, most often for shorter, benign lesions such as stricture.66

Conley successfully resected the second and third rings for scar in 1953, with end-to-end anastomosis.67

Kay removed four rings of proximal trachea for leiomyoma, without event, in 1951.68 Sweet, in 1952, resect-

ed a cervical “cylindroma” with end-to-end anastomosis and questioned whether this might be possible

intrathoracically.69 Macmanus and McCormick, in 1954, excised a three-ring segment for the same tumor,

which lay about 2 cm above the carina, with end-to-end repair.70 An anastomotic leak was patched with fas-

cia lata and a protective tracheostomy added. Forster and colleagues reported in 1957 and 1958 a series of

three successful cervical and cervicomediastinal tracheal resections with primary anastomosis of 1.5, 4, and

3 cm for tumor, post-traumatic stenosis, and postintubation stenosis, respectively.71,72 Other similar resec-

tions were reported separately by Binet and Miscall and their colleagues.73,74 In 1959, Flavell had success-

fully corrected a postintubation stricture at the thoracic outlet by resection, but did this from a difficult,

transthoracic approach—an error that was to be repeated later by other surgeons.75 Mattes performed a 

4 cm transthoracic lower tracheal resection for cylindroma in 1958, wrapping the anastomosis with pleura.76

Indicative of the revived interest in tracheal surgery was the extensive report in 1960 by Baumann

and Forster of worldwide experiences in tracheal surgery.77 They pointed out that improvements in diag-

nosis (endoscopy) and technical and ventilatory methods had served to widen the field beyond tra-
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cheostomy and endoscopic treatment alone. At the same time, the potential for surgery of the thoracic tra-

chea was of exciting interest.

Anatomic Mobilization of Trachea

These mid-century experiences in tracheal reconstruction, chiefly in the upper trachea, and most often of

limited extent, made it clear that the basic techniques of tracheal anastomosis could achieve sound healing.

The “2 cm rule,” which had served to inhibit advances in tracheal surgery, was now challenged by experi-

mental studies reinvestigating the extent of trachea that could be removed, and approximation achieved by

anatomic tracheal mobilization, without use of prosthetic replacement. Clinical experiences, especially with

intrathoracic and carinal lesions, contributed to widening the possibilities for more extended resection.

Ferguson and colleagues determined the extensibility of human trachea from cadavers to be 35% at 29

years and 17% at 76 years, with the most stretch reached with 200 g of tension.43 In living dogs, the majority of

resectable length was obtained at 450 g of tension at the anastomosis, which is about 30 to 35% of the tracheal

length. Michelson and colleagues, in an effort to increase the length of resectable trachea, freed the right main

bronchus in dogs by incising the right pulmonary ligament and resecting the left main bronchus at the carina,

and then reanastomosing it to the bronchus intermedius.78 This permitted resection of twelve rings in the dog.

They found that the human trachea could be stretched 4 to 6 cm by mobilization, and that an added 2.5 to 5 cm

could be obtained by the maneuver described in dogs. Tracheal elongation in fresh human cadavers, with the

same dissection and 450 g of upward pull, allowed 2.5 to 3 cm elevation after division of the pulmonary liga-

ment, and 5 to 6 cm after freeing the left main bronchus in four cadaver subjects under 50 years of age. Respec-

tively, 1 to 1.5 and 2 to 3 cm were measured in four subjects at 50 to 75 years of age. Cantrell and Folse sought

to determine the limits of feasibility of primary anastomosis in repair of circumferential defects.61 In resection

of 20 to 58% of dog trachea, the suture line tension ranged from 400 to 2,750 g. The tension required for anas-

tomosis varied markedly between flexed and extended neck positions. Disruption of anastomosis occurred

between 1,700 and 3,100 g, at resection lengths of 46 to 63% of the trachea. However, they noted in human tra-

chea obtained at autopsy that resection of more than 2 cm over the age of 80 produced unacceptable anasto-

motic tension, based on experimentally derived standards.

In 1959, Harris showed radiologically that neck extension elongated the trachea by 2.6 cm.79 Som and

Klein extended the length of human cadaver trachea by only 1.6 cm by circumferential incision of the inter-

cartilaginous annular ligaments.80

Grillo and colleagues reported in 1964, from autopsy studies in man, that over half of the adult trachea

could be resected and continuity reestablished by full mobilization of limiting structures (Figure 2).81 Steps in

mobilization were 1) right hilar dissection and division of right pulmonary ligament, 2) division of left main

bronchus, and 3) freeing pulmonary vessels from the pericardium. With the subject’s neck in neutral position,

these steps permitted tracheal excisions averaging 3 cm (3 to 8 rings), 2.7 cm (3 to 12 rings), and 0.9 cm 

(0.5 to 3 rings), for a total of 6.4 cm (11 to 18 rings). Anastomotic tension rose exponentially with resection of

successive 1 cm segments, from 25 g at 1 cm to 675 g at 7 cm. Age did not prove to be seriously limiting. This

was considerably below the biologically dangerous limit of 1,700 g determined by Cantrell and Folse.61 Division

of the left main bronchus allowed the advancement of the distal tracheal stump and right main bronchus.

In addition, if an even more extended resection was to be necessary, division of the cervical trachea

two to three rings below the cricoid allowed this segment of cervical trachea to be devolved into the medi-

astinum with intact lateral vascular supply.81 This maneuver proposed to allow reconstruction of the

intrathoracic trachea by simple anastomosis, while permitting later staged reconstruction of the cervical

trachea, which would be more safely possible. Because of the complexity of this last approach, division and

reimplantation of the left main bronchus was later applied clinically, only in the case of carinal recon-

struction, and then, rarely.



Stimulated by Grillo’s clinical experiences with cervical tracheal resection for postintubation steno-

sis, Mulliken and Grillo reported in 1968 an investigation of the amount of trachea that might be resected

by cervical and mediastinal mobilization and still permit anastomosis, leaving the pleural cavity intact.82

Pretracheal mobilization was done down to the carina, with division of the thyroid isthmus, in cadavers.

With the neck in 15 to 35 degrees of flexion, 1,000 to 1,200 g of tension applied to the divided tracheal ends
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FIGURE 2 Hermes C. Grillo, MD, in the 1960s, when work on tracheal surgery was underway at
Massachusetts General Hospital (MGH). He became the first Chief of General Thoracic Surgery at
MGH when a specialized unit was founded in 1969.
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permitted an average resection and reapproximation of 4.5 cm (7.2 rings). Right hilar mobilization with

the pleura open allowed an increment of resection of 1.4 cm (2.5 rings), giving a total of 5.9 cm. The aver-

age tracheal length was 11 cm. Cervical flexion permitted a gain of 1.3 cm (2.5 rings) over the neutral posi-

tion. Thus, cervical flexion and pretracheal mobilization alone appeared to allow significant cervical or cer-

vicomediastinal resection and anastomosis, especially important for the postintubation lesions, which were

increasing in frequency, and that often occurred in patients who could not tolerate thoracotomy.

Appreciation of the possible degree of tracheal mobilization, based upon anatomic principles(ie, pre-

tracheal mobilization, cervical flexion, hilar dissection, including intrapericardial freeing, and mobility of

detached main bronchi), made possible a systematic and aggressive approach to tracheal resection and

reconstruction not previously conceived. The episodic ad hoc approach, which produced single case

reports, at times almost expressing a surgeon’s surprise at what he was able to accomplish, yielded to more

confident and planned approaches. Using such principles, significant series of resections and reconstruc-

tions of cervical and thoracic tracheae for stenosis and tumor were reported by Grillo, Deverall, Perelman,

Naef, Couraud, Pearson, Dor, Levasseur, and Harley and their colleagues.83–93

Laryngeal Release

An additional dividend for extended upper tracheal resection came from otolaryngology. Ogura and col-

leagues had suggested dividing hyoid muscles to help close the gap produced by resection of a subglottic

laryngeal stenosis.94,95 In 1969, Dedo and Fishman offered thyrohyoid laryngeal release as a necessary adjunct

to tracheal resection for stenosis.96 Division of the thyrohyoid muscles, the superior cornua of the thyroid

cartilage, and of the thyrohyoid membrane, with care to preserve superior laryngeal nerves, allowed the lar-

ynx to drop about 2.5 cm. Montgomery described an alternative method for laryngeal release—suprahyoid

release.97 Muscle attachments to the superior surface of the hyoid bone, the stylohyoid muscles, and the

hyoid bone anterior to the digastric slings were all divided, allowing the larynx to drop. It was the opinion

of both Grillo and Pearson (unpublished, c. 1979) that less severe deglutitional disorders of shorter duration

followed suprahyoid release than thyrohyoid release. Release is not routinely necessary for upper tracheal

resection.98 Grillo observed clinically that laryngeal release did not transfer effective relaxation for lower tra-

cheal or carinal resections.99 Valesky and colleagues confirmed this in cadaver studies.100

Tracheal Blood Supply

The detailed arterial supply of the trachea was described as a necessary corollary to tracheal surgery. Grillo

emphasized the entry of small segmental arteries via “lateral pedicles” of tissue attached to either side of the

trachea.84 Miura and Grillo precisely defined the blood supply to the upper trachea in 1966, usually from three

principal branches of the inferior thyroid artery, with the first (or lowest) branch most often predominant.101

Salassa and colleagues completed a definitive study of the tracheal blood supply in 1977, confirming Miura

and Grillo’s description of the cervical tracheal supply, and mapping the arterial supply of the thoracic tra-

chea from bronchial, supreme intercostal, subclavian, right internal thoracic, and innominate arteries.102 Seg-

mental tracheoesophageal arteries connected often to lateral longitudinal arteries and then to transverse inter-

cartilaginous arteries. Three to 7 tracheal arteries were found in the “lateral pedicles.”

Unlike the intramural collateral of tracheal blood supply in the dog, which maintains tracheal via-

bility despite complete circumferential dissection, and subsequent division and anastomosis, the same pro-

cedure in man has led to necrosis.61

Carinal Resection and Reconstruction

At the lower end of the trachea, the special problems (anatomic, technical, and anesthesiologic) of cari-

nal reconstruction loomed. Lesions, most often neoplastic, were centered in the carina, extended to the



carina from low in the trachea, or to the carina from main bronchi or lungs. Experimentally, Grindlay

and colleagues resected right lung and carina in dogs in 1949, with end-to-end anastomosis of trachea

to left main bronchus.103 Ferguson and colleagues also performed right and left pneumonectomies in

dogs in 1950, with resection of carina and end-to-end anastomosis.43 In 1951, Juvenelle and Citret, work-

ing at the University of Buffalo, showed experimentally the feasibility of lateral implantation of bronchus

into trachea, without loss of blood supply and without interference in ventilation.104 They further

described experiments in which they resected the carina with a three to four ring segment of trachea, and

then anastomosed the trachea to the right or left main bronchus and implanted the other main bronchus

into the side of the trachea. They found it necessary to free the trachea to reduce otherwise excessive ten-

sion. Additionally, they remarked that freeing the trachea permitted anastomosis of the trachea directly

to right and left main bronchi without excessive tension, after short segment resection.105 Meyer and col-

leagues experimentally implanted the right upper lobe and right main bronchus into the trachea in

1951.106 Ehrlich and colleagues, in 1952, transposed a right main bronchus to the lateral tracheal wall,

and later resected the left lung and carina in dogs.107 Kiriluk and Merendino, in 1953, described a vari-

ety of experimental tracheal, bronchial, and carinal reconstructions, including reapproximation of both

main bronchi to the carina and tracheobronchial anastomosis after carinal pneumonectomy.45 Nicks

similarly reconstructed the carina after resection in pigs in 1956, but under hypothermia.62 In 1958,

Björk and Rodriguez described experiments in reconstruction by direct anastomosis after resection of

the carina and twelve tracheal rings in dogs.108 The right main bronchus was sutured end-to-end to the

trachea and the left main bronchus end-to-side to the intermediate bronchus. This followed the similar-

ly successful clinical procedure by Barclay and colleagues, described below.109 The same anastomoses

after carinal resection were performed in dogs in 1969 in confirmatory studies.110

Clinically, Abbott repaired large oval defects created by right pneumonectomy and right carinal lat-

eral excision for bronchogenic carcinoma in 5 patients in 1950, by transverse closure.111 Two of the patients

died. Other patching techniques were used to repair such lateral defects, including dermal grafts, synthetic

materials, and patches or flaps of retained bronchial wall.112,113 These complex and frequently unsuccessful

patch techniques are reviewed in Chapter 45, “Tracheal Replacement.”

In 1951, Mathey locally resected a “cylindroma” of the back wall of the trachea at the carina, includ-

ing posterior walls of both proximal and main bronchi.114 Repair was effected by longitudinal suture of the

medial bronchial margins and transverse suture of the remaining defect. In these years, surgeons struggled

with the problem of tracheobronchial anastomosis at the carina. In 1954, Crafoord and colleagues report-

ed anastomosis of the bronchus intermedius to the trachea at the site of main bronchial origin, after upper

lobectomy and bronchial excision.115 The next year, Björk obtained access to the carina from the left chest,

mobilizing the aorta after division of four pairs of intercostal arteries, in order to successfully resect the left

main bronchus and anastomose its lobar bifurcation to the prior origin of the bronchus at the trachea.116

In 1959, he presented follow-up of 16 patients who had undergone bronchotracheal anastomosis, with four

stenoses.117 Abbey-Smith and Nigan described a similar left-sided approach in 1979, for amputation of the

left main bronchus at the carina, for pneumonectomy in a case of proximal lung tumor.118

Barclay and colleagues, in 1957, resected about 5 cm of trachea and carina to remove a recurrent ade-

noid cystic carcinoma.109 Division of the pulmonary ligament allowed anastomosis of the trachea to the

right main bronchus. The left main bronchus was anastomosed end-to-side to the bronchus intermedius.

Intermittent ventilation sufficed for the second anastomosis. A second patient was handled identically. Both

patients recovered. The authors reported in the same paper that dissection in fresh cadavers prior to oper-

ation permitted resection of 6 cm of trachea, using this technique. They also proposed, where carinal resec-

tion was not required, to close the left main bronchial stump. Eschapasse and colleagues used this technique

in 1961.119 Archer and colleagues similarly excised a granular cell myoblastoma at the carina in 1963.120 The
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procedure was a major step in carinal surgery. Grillo and colleagues described resection of the carina and

trachea for a length of 4 cm to remove adenoid cystic carcinoma, in 1963.121 The right hilum was mobilized

and the trachea anastomosed to the right main bronchus. The left main bronchus reached the trachea eas-

ily enough to be anastomosed there end-to-side. The patient did well. Cross-field intubation and ventila-

tion were used. Temporary occlusion of the pulmonary artery to the nonventilated lung eliminated shunt-

ing, but later rarely proved to be necessary. In 1966, Mathey and colleagues reported results in 7 patients,

who underwent carinal excision with or without bronchial resection, using thoracotomy.40 They believed,

however, that sternotomy might be preferable. Three patients had pneumonectomy, and 2 had partial lung

resection. The following anastomoses were done: trachea to main bronchus; side-to-side left main and

intermediate bronchus and both end-to-end to trachea; 2 patients had dermal graft patches. There were 2

postoperative deaths. Eschapasse and colleagues, in 1967, cited 3 patients who had circumferential resec-

tion of the entire carina with primary reconstruction.122 Anastomoses were of right main bronchus to tra-

chea with left main end-to-side to bronchus intermedius in 2; left main to trachea with intermediate

bronchus to left main. One patient died postoperatively. Eschapasse favored right thoracotomy, cross-table

ventilation, avoidance of prostheses, and primary reconstruction (Figure 3). Anesthesia for carinal resec-

tion, which had initially seemed formidable, was managed easily enough in patients by cross-table ventila-

tion of the trachea and bronchi as the procedure progressed, so that ventilation was not interrupted or

uncontrolled at any point.

Nonetheless, the anesthetic challenge of carinal resection suggested the use of extracorporeal circu-

lation to some. Nissen removed a “malignant adenoma” in this way.123 Under bypass, Woods and colleagues

excised recurrent “cylindroma” from the carina with very limited margin.124 Reconstruction was by suture

and a patch of skin supported by wire mesh. Adkins and Izawa performed lateral resection of the carinal

wall for cylindroma, patching the defect with Marlex and mediastinal tissues.125 As might be expected,

granulation tissue formed at the patch site. The considerable potential for hemorrhage due to the need for

heparinization during bypass was not encountered in these technically limited cases.

Experience with carinal resection and reconstruction grew slowly. In 1974, Eschapasse collected 19 cases

from several French teams, Perelman and Koroleva recorded 29 carinal resections with reconstruction in 1980,

and Grillo had performed 36 carinal reconstructions by 1982.99,126,127 Twenty-three of Grillo’s group were pri-

mary tracheal neoplasms, 5 were bronchogenic carcinomas, and 8 were inflammatory lesions. Eleven were

reconstructed without loss of lung tissue. On the basis of this experience, Grillo presented a comprehensive

schema for carinal reconstruction.99 For short resections, carinal restoration was by side-to-side main

bronchial anastomosis, which was then joined end-to-end to the trachea; for longer lesions, the trachea was

placed end-to-end to the left main bronchus (if the gap was less than 4 cm) and the right main bronchus end-

to-side to the trachea; for still more extensive tracheocarinal removal, the “Barclay” anastomosis of the right

main bronchus to the trachea and the left main bronchus end-to-side to the intermediate bronchus was used.

Other special problems were also presented, including the problem of lesions involving a long length of tra-

chea and also of the left main bronchus. Recent exploration of problems with carinal reconstruction has

updated this experience in 143 resections.128

Approach for carinal resection via right thoracotomy has been preferred by most sur-

geons.99,121,126,129,130 Left thoracotomy with subaortic dissection was employed for specific lesions, prin-

cipally those involving the left main bronchus and the carina, but little of the tracheal

length.40,99,126,131,132 Left thoracotomy with retroaortic dissection was also explored early, but failed to

gain acceptance.116,118 Median sternotomy for carinal access was described in 1907 by Goeltz for foreign

body removal, in 1960 by Padhi and Lynn for bronchopleural fistula, in 1961 by Abruzzini for treatment

of postpneumonectomy tuberculous fistulae, and was reintroduced with anterior and posterior peri-

cardial opening by Perelman (Figure 4).130,133–135 Pearson and colleagues favored this approach for cari-



nal resection.136 Maeda and colleagues added left anterior thoracotomy to sternotomy to improve

access.132 Grillo employed bilateral thoracotomy (“clamshell” incision) for free access to the carina and

to both thoraces for treatment of complex lesions, especially those involving the left main bronchus,

carina, and a long extent of the lower trachea.99
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FIGURE 3 Henry Eschapasse, MD, Chief of Thoracic and Cardiovascular Service Emeritus,
Regional Hospital Center of Toulouse, and Professor Emeritus, University of Toulouse. In the
decades post World War II, there was great interest and activity in tracheal surgery and pathology
in France. Dr. Eschapasse was a leader in this field, and especially interested in the study of prima-
ry tracheal neoplasms and carinal reconstruction. Toulouse became a center for tracheal surgery.
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Carinal Pneumonectomy

Surgeons early conceived of extension of pneumonectomy for bronchogenic carcinoma to include tumors

that also involved the carina.111,113,137 Carinal pneumonectomy with anastomosis of the terminal end of the

trachea to the left main bronchus was reported in 1958 by Mattes and in 1959 by Gibbon.76,138 Hardin and

Fitzpatrick, in 1959, excised the carina for bronchogenic carcinoma, reconstructing the carina by direct

suture with the aid of free cartilage graft, using ventilatory anesthesia delivered by a tube placed in a distal

left main bronchial aperture.139 The graft was taken from an uninvolved portion of the right bronchus.

FIGURE 4 Mikhail I. Perelman, MD, Consulting Surgeon, National Research Cen-
ter of Surgery, Moscow, and Professor of Surgery and Physiopneumonology,
Moscow Medical Institute. Professor Perelman had an early interest in airway
surgery, acquired a large clinical experience, and published the first comprehensive
books in the field. Tracheal tumors were a special interest of his.



MacHale did the same in 1972.140 In 1966, Thompson described anastomosis of the left main bronchus to

a tailored trachea after right pneumonectomy for squamous cell carcinoma, which included a sleeve of cari-

na.141 Also in 1966, Mathey and colleagues expressed a preference for circumferential carinal resection over

lateral resection and patching.40 Grillo included carinal pneumonectomy with circumferential resection in

the spectrum of techniques of carinal resection and reconstruction.99

Carinal pneumonectomy for bronchogenic carcinoma became further established with significant

series reported by Jensik in 1972, Ishihara in 1977, Deslauriers in 1979, Dartevelle in 1988, Tsuchiya in 1990

and their colleagues, and Mathisen and Grillo in 1991.142–147 The initially high operative mortality of near-

ly 30% proved to be largely due to a form of acute respiratory distress syndrome labelled postpneumonec-

tomy pulmonary edema, of noncardiogenic origin. Mathisen and colleagues showed favorable response to

prompt treatment with nitric oxide.148 Believed to be the result of barotrauma, this dread complication has

reduced in incidence with close attention to ventilatory volumes and pressures, so that mortality has fallen

to about 10% or lower.145,149,150

Anesthesia for Tracheal Surgery

McClish and colleagues noted that concern about anesthesia for major airway reconstruction “stems from

the complexity of simultaneously controlling the airways, maintaining satisfactory gas exchange, and

ensuring good surgical exposure to the trachea.”151 The technique of ventilation across the operative field,

with direct insertion of endotracheal tubes into the trachea and bronchi during phases of surgery when

the airway is open, developed early and is described with variations in reports of tracheal reconstructions

cited earlier. Tubes across the operative field were used in experimental work and Ravitch early mentioned

clinical usage.42,103,104,152 In 1951, Friedmann and Emma described a catheter insufflation technique for

carinal resection in one patient.153 Grigor and Shaw, working with Barclay and his colleagues, used cross-

field ventilation in combination with endotracheal intubation, depending on intermittent ventilation dur-

ing the implantation of the left main bronchus into the bronchus intermedius.154 They recognized that the

preceding development of one-lung anesthesia provided the groundwork for carinal anesthesia. Baumann

and Forster, in 1960, described systematic approaches to anesthesia for cervical, intrathoracic, and carinal

tracheal surgery, including intubation via distal tracheostomy and also across the operative field.155 Grillo

and colleagues, in 1963, detailed similar technique for carinal resection and reconstruction.121 Cross-table

anesthetic techniques were fully described by Grillo in 1965 and expanded in 1970.83,129 The potential use

of two anesthesia machines for complex carinal reconstruction was also noted. Geffin and colleagues sum-

marized cross-table anesthetic techniques for tracheal and carinal reconstruction in 1969 on the basis of

their accumulated experience by then with 31 operations.156 Theman and colleagues confirmed these

techniques.157

Lee and English, in 1974, described the use of a Saunders-type bronchoscopic injector through a

catheter passed beyond a tracheal stenosis.158 El Baz and colleagues favored high-frequency positive pressure

ventilation for tracheoplasty to permit better visualization and access.159 McClish and colleagues expressed

similar convictions in a series of 18 patients.151 Wilson thoroughly updated these anesthesiologic approach-

es.160 Although his preference was for cross-table ventilation, high-frequency ventilation was valued as a use-

ful adjunctive technique in special circumstances, such as complex carinal reconstruction. These choices

remained a matter of preference, with both techniques proving satisfactory in experienced hands. All agree

that close communication and cooperation between surgeon and anesthesiologist are uniquely demanded

for this type of surgery, preoperatively, intraoperatively, and, optimally, postoperatively.

The use of cardiopulmonary bypass for tracheal and especially carinal resection has been mentioned

earlier. In their extensive experiences with tracheal surgery, Eschapasse, Grillo, Pearson, and Perelman

found bypass to be unnecessary. Its use in very complicated cases, where it might be theoretically desirable,
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but where extensive dissection and manipulation of the lung was required, led to fatal pulmonary

parenchymal hemorrhage in 2 patients due to necessary anticoagulation (Grillo, Pearson, unpublished).

Laryngotracheal Resection and Reconstruction

Just as reconstruction of the carina presented unusual difficulties, so did the proximal end of the airway. When

tracheal lesions also affect the subglottic larynx, the anatomic and functional characteristics of that structure

offer special problems. Many otolaryngologic procedures were developed to manage inflammatory stenosis at

this level, when conservative measures failed. The latter measures included dilation, stents, intubation, steroid

injection, cryotherapy, and laser surgery. Surgical procedures that were devised included anterior and poste-

rior cricoid splits, placement of stents, mucosal and cutaneous grafts, free grafts of cartilage and hyoid, pedi-

cled hyoid, cutaneous flaps variously supported with cartilage, and multistage “trough” procedures. These

many operations will not be reviewed here, but, in general, success was limited.161

A one-stage approach to subglottic stenosis characterized by cricoid involvement developed slowly.

The initial work was done by otolaryngologists, but full development of the techniques was accomplished

by thoracic surgeons who faced the problem of subglottic stenosis as it presented in the spectrum of post

intubation tracheal stenosis. Conley removed the entire cricoid in 1953 for a chondroma, preserving the

mucoperichondrium, which was held in place by a foam rubber stent.67 Great care was taken to avoid injury

to the recurrent laryngeal nerves. Shaw and colleagues resected damaged or stenotic cricoids in 2 patients

with anastomosis to the thyroid cartilage.27 Existing vocal cord paralysis simplified the problem in these

patients. Ogura and Roper apposed the second tracheal ring to thyroid cartilage after subtotal excision of

traumatically scarred and stenotic cricoid in 2 patients.94 The recurrent nerves were paralyzed, ary-

tenoidectomy was done, and a stent was used postoperatively. The distal trachea was mobilized and the 

thyrohyoid muscles and constrictors, which are attached to the thyroid cartilage, were divided to assist in

approximation. Subperichondrial cricoid resection avoided injury to the recurrent nerves.95 Six of

7 patients with chronic subglottic stenosis were helped by this procedure.

In 1974, Gerwat and Bryce placed the upper line of resection for stenosis at the lower border of the

thyroid cartilage anteriorly, and through the posterior cricoid lamina below the cricothyroid joints poste-

riorly.162 Thyrohyoid release was added and believed to be important. Four patients were so treated. In

1975, Pearson and colleagues followed the same line of cricoid resection, but rongeured all but a thin shell

of posterior lower cricoid plate, sutured the ends of the first intact cartilaginous ring of trachea together,

and inset this into the rongeured groove to form the laryngotracheal anastomosis (Figure 5).163 Recurrent

nerves were preserved. Superior laryngeal release was done, and a splinting T tube was added postopera-

tively. Six patients were successfully treated. Couraud and colleagues, in 1979, added 4 patients, all but one

successful (Figure 6).164 They pointed out that there was no use in disturbing the recurrent nerves, that

sometimes the posterior cricoid cartilage did not need to be tailored, and that tracheostomy was not regu-

larly necessary. Grillo, in 1982, described 18 patients with subglottic stenosis treated with a somewhat mod-

ified procedure.161 In patients with anterolateral stenosis, a simple bevelled cricoid resection was sufficient,

and the tracheal cartilage to be anastomosed was obliquely tailored to fit easily. For circumferential steno-

sis, scar over the posterior cricoid plate was excised and the raw area resurfaced with a broad-based flap of

posterior membranous tracheal wall shaped for this purpose. Neither laryngeal release nor tracheostomy

was routinely needed.

In 1992, Grillo and colleagues reviewed 80 patients who underwent one-stage laryngotracheal resection

and reconstruction for subglottic stenosis by these techniques: 50 with postintubation lesions, 7 from trauma,

19 idiopathic, and 4 others.165 Thirty-one patients required circumferential resection with posterior flap

resurfacing. There were 2 failures. If glottic correction was also needed, it was done initially as a separate

procedure. Maddaus, with Pearson’s group, proposed synchronous glottic reconstruction where that was



also required, reporting 15 such cases of 53 subglottic repairs.166 They also adopted the posterior tracheal

membranous wall flap described by Grillo and his colleagues.161,165 Monnier and colleagues proved this

type of repair to be useful in children.167

Cervicomediastinal Exenteration and Mediastinal Tracheostomy

Rarely, following extensive resection of the larynx and upper trachea for neoplasms, such as thyroid carci-

noma, adenoid cystic carcinoma, or recurrent laryngeal carcinoma after laryngectomy, there is need for

mediastinal tracheostomy, well below the sternal notch. Watson, in 1942, devised a procedure to treat a

patient with squamous carcinoma 4 cm above the carina.168 The patient had undergone laryngectomy for

cancer 15 years earlier, followed by radium treatment. A “V” of sternum was resected and skin flaps mobi-
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FIGURE 5 F. Griffith Pearson, MD, Chief of Thoracic Surgery and Surgeon-
in-Chief Emeritus, Toronto General Hospital, and Professor of Surgery
Emeritus, University of Toronto. Dr. Pearson, who founded and led the Tho-
racic Surgical Division in the Toronto General Hospital, early became inter-
ested in tracheal surgery. He contributed richly to the understanding and
treatment of postintubation stenosis, to the development of one-stage laryn-
gotracheal reconstruction, and to our knowledge of adenoid cystic carcinoma.
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lized to allow closure of the margins of the tracheal stoma. In 1951, Sloan and Cowley managed the prob-

lem of tracheal compression by an aortic aneurysm by establishing a side tracheostomy, the tube of which

emerged from the back medial to the right upper scapula, after removal of proximal rib segments.169 After

wrapping the aneurysm, it was possible to remove the tube. The authors discussed earlier proposals and

even attempts to establish transpleural bronchial fistulae for this purpose, and a proposal, not acted upon,

by Gluck in 1907, to perform posterior bronchotomy.

In 1952, for mediastinal tracheostomy, Kleitsch removed the upper sternum and inserted a polythene

tube.170 A sequence of irradiation necrosis and recurrent tumor frustrated plans to line the opening with

skin grafts. In the same year, Minor, after removal of recurrent carcinoma of the tracheal stoma, brought

skin flaps as a tube through a sternal opening to connect with the trachea.171 Healing failed, and the patient

bled to death 4 months later. Waddell and Cannon, in 1959, pulled a short tracheal stump to the right of

FIGURE 6 Louis Couraud, MD, Chief of Thoracic Surgery, Emeritus, Xavier
Arnozan Hospital, Pessac, and Professor of Surgery Emeritus, University of Bor-
deaux II. Professor Couraud made Bordeaux renowned for airway surgery, pro-
ducing excellent surgical results and adding to our knowledge of many aspects of
tracheal disease: postintubation stenosis, laryngotracheal stenosis, juvenile tracheal
growth, tracheoesophageal fistula, primary tumors, postsurgical complications,
and the airway in transplantation.



the ascending aorta and created a skin tube from crossed anterior chest skin flaps which passed through a

hole rongeured in the sternum and was anastomosed to the tracheal end.172 Two of 4 patients, all with squa-

mous cell carcinoma, died of massive hemorrhage.

In 1962, Sisson and colleagues, operating for recurrent laryngeal carcinoma at the tracheal stoma,

excised a large portion of surrounding skin with the specimen and removed the manubrium and the heads

of the clavicles.173 Skin flaps were turned up to effect closure about the stoma, and an inferior defect was

skin grafted. After 2 patients died from innominate artery hemorrhage postoperatively, the pectoralis mus-

cles were undermined and rotated between the innominate and left carotid arteries and the trachea. Also

in 1962, Ellis and colleagues used a tube of heavy Marlex mesh to reach the surface after low transection of

the trachea.174 Granulation tissue formation and the possibility of infection, erosion, and hemorrhage make

tubes of foreign material undesirable in this setting. In an effort to eliminate tension at the tracheal cuta-

neous anastomosis, which carried the threat of subsequent nonhealing and fatal innominate hemorrhage,

Grillo in 1966 proposed fashioning a broad full-thickness bipedicled flap of anterior chest wall skin and

subcutaneous tissue formed with two long, horizontal incisions (Figure 7).175 This flap was depressed to

meet the end of the trachea in the mediastinum, made accessible by resection of manubrium, heads of clav-

icles, and upper two costal cartilages. The stoma emerged in midflap, resulting in a simple suture line more

likely to heal well. Two end stomas and one in-continuity stoma were reported. Grillo and Mathisen sub-

sequently offered further guard against vessel erosion in the event of deficits in peristomal healing by 1)

advancing omentum routinely to separate trachea and great vessels, and 2) electively dividing the brachio-

cephalic artery under electroencephalographic monitoring, where the tracheal stump was very short, fol-

lowing preoperative angiography.176 One operative death occurred in 18 patients. Additional experiences

have been recorded in this area by Stell, Krespi, Gomes, and Orringer and their colleagues.177–180 Withers

and colleagues suggested use of a pectoralis musculocutaneous flap, which has particular application to

cases where a wide resection is necessary around an existing stoma for reason of peristomal carcinoma or

irradiation damage.181

Complications of Tracheal Surgery

As tracheal surgery became more common, a pattern of complications inevitably appeared. These were

analyzed by Levasseur in 1971, Couraud in 1982, and by Grillo in 1986, along with their col-

leagues.92,182,183 In 11 patients, Levasseur and colleagues observed 1 restenosis and 4 lethal erosions of

brachiocephalic artery.92 This led the authors to recommend cervical muscle or thymic interposition

for prophylaxis against hemorrhage. Couraud and colleagues, reporting on 122 cases of resection with

only 4 deaths and 1 failure, emphasized anti-infectious and anti-inflammatory precautions.182 Grillo

and colleagues reviewed incidence, causes, treatment, and prevention of complications in 416 primary

reconstructions, 279 for postintubation lesions.183 Suture line granulations occurred in 28 of 209

cases, when various nonabsorbable sutures were used for anastomosis, but in none of 113 after the

adoption of absorbable Vicryl sutures. Brachiocephalic artery injuries were best avoided by avoiding

any dissection of the artery, and where that was not possible, interposing a strap muscle. From the

first to the second halves of the series, deaths fell from 4 to 1, failures from 13 to 7, and complica-

tions from 42 to 30.

The Unreconstructible Trachea: T Tubes and Stents

T tubes had been devised and variously employed in the past, as by Bond in 1891 and Falbe-Hansen in 1955,

citing Laurens’ earlier use of a T tube.184,185 Aboulker and colleagues treated postintubation injuries with a

T tube in 1960.186 The silicone rubber T tube developed by Montgomery in 1965 proved widely useful in

tracheal surgery, although it was developed initially in the false hope that prolonged stenting would resolve
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tracheal stenosis.187 Cooper and colleagues in 1981 and Gaissert and colleagues in 1994 used it for perma-

nent and temporary restorations of airway continuity when the trachea was not reconstructible, a lesion

was not removable, or a temporary airway was needed.188,189 Westaby and colleagues added a bifurcated 

T tube for help in carinal problems.190

The development and deployment of stents will not be reviewed here. However, caution needs to be

raised against tendencies to use essentially permanent expandable stents where lesions might otherwise be

readily and definitively corrected by surgery. The result too often is doubly negative: correction of the lesion

is permanently prevented and severe complications may develop from the stent.191 Removable silicone

FIGURE 7 Hermes C. Grillo, MD, Chief of General Thoracic Surgery, Emeritus and Senior Sur-
geon, Massachusetts General Hospital (MGH), and Professor of Surgery Emeritus, Harvard
Medical School. The picture shows Dr. Grillo commencing a cervicomediastinal exenteration in
1966. His first assistant is Mortimer J. Buckley, then Chief Resident in Surgery at MGH, later
to become Chief of Cardiac Surgery.



stents also hinder curative treatment and may quite readily cause granulations, especially in the subglottic

region. These are sometimes reversible, however, in contrast to problems caused by permanent stents.

Treatment of Tracheal Diseases

Primary Tracheal Tumors

Thus far, this review has focused on the evolution of techniques of tracheal surgery. Application of these

and other additionally developed techniques to specific diseases of the airways will now be considered. The

challenge of treating the rare tracheal tumors which were seen provided the initial stimulus for tracheal

resection.1,5 The very rarity of primary tracheal neoplasms, on the other hand, provided limited incentive

to attack this problem systematically. In 1938, Culp collected 433 reported cases of primary tracheal

tumors, beginning with Lieutaud’s discovery of fibroma at autopsy in 1767.63 From prior cumulative series,

Culp noted the slow increment from 147 cases in 1898, to 201 in 1908, to 252 in 1914, and 351 in 1929. He

provided an exhaustive bibliography, but personally found only 1 carcinoma in 9,000 autopsies at McGill

University, and 1 in 12,700 autopsies at Montreal General Hospital. Ellman and Whittaker raised the total

to 507 in 1947.64 “Cylindroma” was often classified as adenocarcinoma, and tracheopathia osteoplastica was

included as a tumor. Houston and colleagues collected 53 primary cancers of the trachea in over 30 years

at Mayo Clinic, showing a distribution now recognized as expected: 45% squamous, 36% “cylindroma”

(adenoid cystic carcinoma), and the balance of other origins, including mesenchymal tumors.192 Reporting

a 30-year experience in 1969, only 2 squamous cancers had been removed, 1 by lateral excision, 6 adenoid

cystic (none by circumferential resection and anastomosis), and 1 mucoepidermoid by end-to-end repair.

The next year, Hajdu and colleagues described 41 patients with primary tracheal carcinoma from Memor-

ial Hospital over 33 years: 30 squamous and 7 adenoid cystic.193 Few were treated by resection.

Times were changing, however, as techniques of resection based on anatomic mobilization were

increasingly applied to tracheal neoplasms. Forster and colleagues resected a cervical tracheal epithelioma in

1957 with end-to-end suture.71 Forster and Holderbach published a voluminous report in 1960 on the

pathology and clinical presentation of tracheal tumors, and of experimental and a few clinical trials at that

early date.194 Non-neoplastic lesions were also included. Grillo recounted treatment of three primary tumors

by circumferential resection in 1965, using cross-table ventilation through the open trachea.83 Mathey and

colleagues reported resecting 5 patients with primary tracheal neoplasms in 1966, with 1 early and 1 late

postoperative death.40 Perelman and Korolyova successfully treated 5 patients with primary tracheal

intrathoracic cancer by circular resection and anastomosis in 1968.87 They introduced an anesthesia tube

into the left main bronchus via an incision in the membranous wall of the right main bronchus. Dor and

colleagues reported in 1971 on resections of tracheal tumors in 6 patients, with 3 postoperative deaths.91 By

1973, Grillo had excised 11 primary tumors and 5 secondary tumors in a series of 100 tracheal resections

with reconstruction.195 Nine of the 11 patients were alive without disease; 1 patient died postoperatively.

Experience with surgical management began to grow. In 1974, Eschapasse reported on 152 patients

with primary tracheal tumors treated by 12 French and 2 Russian groups, which included 32 circumferen-

tial resections and 18 carinal reconstructions.126 The poorest long-term results were with squamous carci-

noma, which also gave the highest postoperative mortality. Adenoid cystic carcinoma showed prolonged

survival, but late recurrence. Also in 1974, Pearson and colleagues accomplished 5 resections of adenoid

cystic carcinoma with primary anastomosis, without postoperative death.196 In 6 others, prosthetic replace-

ment was made using Marlex. Grillo reported seeing 63 patients with tumors by 1978.85 Nineteen patients

with primary tumors (and 5 more with secondary) were treated by cylindrical resection and anastomosis

and 10 additional patients by carinal resection and reconstruction. Ten others underwent staged recon-

struction, and 10 had laryngotracheal resection, or were treated by other means. Two died after cylindrical

resection and 3 after carinal resection and reconstruction.
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Subsequent major series began to define the long-term oncologic expectation. In 1990, Grillo and

Mathisen reported the largest single institutional series of 198 primary tumors treated at Massachusetts

General Hospital (MGH) over 26 years.6 Resection rates were 63% for squamous carcinoma and 75%

for adenoid cystic carcinoma. Pearson and colleagues updated their experience with 44 tracheal tumors

in 1984 and a subsequent report by Maziak and colleagues did the same for 38 adenoid cystic carcino-

mas in 1996.136,197 Regnard and colleagues collected 208 patients in a multicenter series in France in

1996.198 In that same year, Perelman and colleagues summarized an experience with 144 primary

tumors.199 Squamous carcinoma and adenoid cystic carcinoma together compose about 75% of all pri-

mary tracheal tumors, in comparable numbers. The etiology, curability, and associated aerodigestive

carcinomas of squamous cancer were much like squamous lung cancer. Surgery for adenoid cystic car-

cinoma, combined with radiotherapy, produced high 5-year survival rates, but a continued fall in sur-

vival at 10 years and thereafter occurred, due to local recurrence and the appearance of metastases. The

rarity and idiosyncratic and prolonged course of adenoid cystic carcinoma clearly requires very pro-

longed observation for complete clinical definition. An enormously wide variety of tumors of other his-

tology, most often benign or of low-grade malignancy, composed the remaining 25% of cases.6 Opera-

tive mortality in all patients ranged from 5.3 to 10.5% in various series. Mortality and morbidity fell

with surgical experience, but remained highest in carinal reconstruction.183

Secondary Tracheal Tumors

Resection of the carina for bronchogenic carcinoma has been discussed under the section, “Carinal Pneu-

monectomy,” above. The proximity of the thyroid gland makes the trachea and lower larynx targets sus-

ceptible to invasion by cancer in this gland.200 Localized tracheal invasion by thyroid neoplasms was resect-

ed episodically as tracheal surgery evolved. Rob and Bateman, in 1949, resected six rings of trachea and a

portion of cricoid for recurrence of thyroid cancer “of low malignancy,” 7 years after initial excision and

radiotherapy.30 Tantalum gauze-fascia lata reconstruction was done, leaving a strip of posterior mucosa.

After a checkered course, the patient survived. Conley did a staged repair with tantalum mesh and fascia

plus skin flaps after resection of anterior tracheal wall invaded by “adenocarcinoma of the thyroid.”67 Lazo

resected the anterior wall of the cervical trachea for thyroid cancer in 1957, using a prosthesis for speech.201

In 1965, Grillo resected a six-ring segment of trachea, including a portion of cricoid invaded by papillary

carcinoma that had paralyzed the left cord and obstructed the tracheal lumen.83 Tracheal reconstruction

was staged with a cutaneous tube supported by inlying polypropylene rings. The result was satisfactory. In

1966, Mathey and colleagues resected 3.5 cm of trachea for papillary carcinoma and performed an end-to-

end anastomosis, but placed a tracheostomy in the suture line postoperatively.40

An aggressive approach was accepted early in Japan, but only slowly in the west. Ishihara and colleagues

reported operation on 11 patients in 1978, 8 of whom had recurrent papillary adenocarcinoma after prior

surgery.202 Sleeve resections were done with resection of the anterior cricoid in 3 of the patients. Two died

from operation and 3 developed laryngeal stenosis. Five were long-term survivors. This same group reported

on 60 patients by 1991.203 In 1985, Tsumori and colleagues reported 18 resections with anastomosis.204 In

1986, Fujimoto and colleagues performed sleeve resection in 6 patients and window resection in 3.205 A sur-

vey of tracheobronchial surgery in Japan, reported in 1989 by Maeda and colleagues, revealed 151 cases of tra-

cheoplasty for thyroid cancer against 147 tracheobronchial tumors over a period of 30 years.206

In the west, Grillo listed 3 patients in 1978, resected for thyroid carcinoma, and recommended that this

treatment be applied more widely.85 In 1986, Grillo and Zannini cited 16 patients treated by resection and

reconstruction, and by 1992, Grillo and colleagues reported 27 cases.207,208 Rationale for this approach is adher-

ence to the oncologic principle of thyroid surgery, that local disease be removed totally. The surgery is not high-

risk surgery or radical surgery in competent hands. Given the proclivity of papillary tumors to become more



aggressive in time, plus the observation that many of these patients had undergone “shave” procedures, often

years before, anything less than complete removal (including airway, if necessary) seems inappropriate.

Nonetheless, “shave” procedures in the case of superficial invasion, and “window” resection in the case of deep

invasion, are still being recommended by surgeons without extensive experience in tracheal reconstruction.209

Radical extirpation of invasive undifferentiated thyroid carcinoma and also of massive recurrences of

papillary carcinoma, to include laryngectomy and extended tracheal resection, was described by Hendrick, in

1963, in 11 patients with 5 long-term survivors and 5 alive without disease from 4 to 16 years.210 In 1958,

Frazell and Foote noted 3 of 4 patients, who had laryngeal and tracheal resection for thyroid cancer, lived 41⁄2

to 5 years.211 Grillo and colleagues reported in 1992 on radical extirpation of tumor in 7 patients, by cervico-

mediastinal exenteration including esophagectomy.208 Palliation is a principal goal of these procedures.

Postintubation Lesions

The poliomyelitis epidemics of the mid-twentieth century introduced and led to an ever-widening use of

mechanical ventilators to treat respiratory failure. The iatrogenic lesions that resulted provided a whole new

field of endeavor for the tracheal surgeon. Gradually, a spectrum of lesions was recognized, attributable to

ventilatory apparatus: endotracheal and tracheostomy tubes and the cuffs necessary to seal the tra-

chea.84,90,186,212 Principal among these were 1) circumferential stenosis that appeared at the level of the seal-

ing cuff, and 2) anteriorly pointed, arrow-shaped stenosis, which occurred at the stomal level. Additional-

ly, granulomas occurred at the point where a tube tip impinged on the tracheal wall. Areas of malacia were

seen less often at the level of the cuff and sometimes in the segment between a tracheal stoma and a cuff

stenosis. Tracheoesophageal fistulae occurred principally between the trachea and the esophagus at the cuff

level, usually with accompanying circumferential tracheal damage. Rare, but disastrous when they

occurred, were tracheal innominate artery fistulae. These lesions proved to be of two types: one where a tra-

cheostomy tube rested immediately on the innominate artery near the stoma, and another, where the cuff,

or, even less often, the tube tip, eroded through the trachea anteriorly into the innominate artery.

In the 1960s, numerous papers, often single case reports, appeared in Europe and North America,

describing surgical resection of postintubation strictures. Included among these together with their col-

leagues were Forster in 1957, Flavell in 1959, Witz in 1960, Binet and Aboulker in 1961, Van Wien in 1961,

Mathey in 1966, Byrn as well as Fraser in 1967, and Jewsbury, Dor, Dolton, Schaudig, Lindholm, and Naef

in 1969.40,71,73,75,88,213–221 Series of cases also were reported by the following authors together with their col-

leagues: Deverall reported 6 patients in 1967, Pearson reported 15 in 1968, Grillo reported 14 whereas

Couraud reported 9 in 1969, and Dor reported 9, Levasseur reported 10, and Harley reported 11 in

1971.84,86,89,91–93,212 These last authors, especially Pearson, Grillo, and Harley, with somewhat broader expe-

rience, defined the anatomic and pathologic differences between stomal and cuff stenoses and other post-

intubation injuries, and discussed their pathogenesis. Malacia instead of stenosis was also described,

although a rare finding, by Grillo.222 Deverall, Pearson, Grillo, and Couraud and their colleagues stressed

the importance of allowing florid inflammation to subside prior to surgical correction.84,86,89,212 Their gen-

erally good results showed the superiority of definitive surgical resection and anastomosis over prior alter-

native methods of treatment, such as repetitive dilation, steroid injection, or cryotherapy. Unfortunately,

the lesson is being relearned today, with uncritical use of laser surgery for these lesions,223 and, more late-

ly, with much more disastrous results, the attempted use of stents to treat postintubation stenosis.191

Postintubation lesions became, and remain, the most common indication for tracheal resection and

reconstruction. Generally very good results have been obtained in major cumulative series of patients with

iatrogenic tracheal and subglottic laryngotracheal stenosis: Bisson and colleagues achieved an 87.5% “cure”

in 200 patients in 1992, Couraud and colleagues reported 96% success in 217 patients in 1994, and Grillo

and colleagues cited 94% success in 503 patients in 1995.98,224,225
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Correction of postintubation stenosis involving the subglottic larynx remains more difficult than

lesions confined to the trachea. The evolution of procedures for laryngotracheal resection and reconstruc-

tion by partial cricoid resection has been outlined and their application to iatrogenic stenosis noted.

Monnier and colleagues applied this approach in infants and children, also with encouraging success.167

Reoperative tracheal resection and reconstruction for unsuccessful repair of postintubation stenosis

proved to be surprisingly manageable. In 1997, Donahue and colleagues tallied 92% good or satisfactory

results in 75 patients who had failed prior surgical repairs, 59 of whom were referred.226

Tracheoesophageal fistulae (TEF) due to erosion by tracheal cuffs and often of “giant” size were noted

early, in 1966 by Le Brigand and Roy and several other French surgeons in the same period, by Flege in

1967, and by Hedden and colleagues in 1969.227–229 Scattered attempts of repair by sometimes multistaged

techniques, including Braithwaite’s successful use of a cutaneous flap to seal the tracheal side of a large fis-

tula in 1961, did not often meet with success.227,230,231 Grillo and colleagues, in 1976, described a definitive

one-stage technique for esophageal closure, tracheal resection (where a circumferential cuff lesion was pre-

sent), and strap muscle interposition, with good results in 7 patients.232

Postintubation injury, however infrequent, has become the most frequent cause of acquired TEF.

It is now effectively managed by the type of procedure noted, and has been further described by

Mathisen, Couraud, and Macchiarini and their colleagues.233–235 When the fistula is small and the tra-

cheal lesion is not circumferential, tracheal closure is performed. The techniques developed have been

applied effectively to closure of TEF from a variety of causes, including trauma and inflammation.

Tracheal innominate artery fistula (TIF), described by Lunding in 1964, Silen and Spieker and Stiles in

1965, Couraud and colleagues in 1966, and Foley and colleagues in 1968, as a consequence of tracheostomy

and ventilation, was effectively approached surgically by Grillo in 1976, Cooper in 1977, and Couraud and

colleagues in 1984.236–243 The mechanism of fistulization was either erosion of the tracheal wall by a high-

pressure cuff, angulation of a tracheostomy tube tip, or most commonly, erosion by the tube in a low-lying

tracheostomy where the elbow of the tube essentially rests on the artery. Jones and colleagues reviewed the

topic extensively in 1976, including delineation of types of erosion, emergency management, safety and

desirability of arterial resection, and success rates.244

The etiology of postintubation stenosis and other injuries was initially unclear. Among the factors

thought to be implicated were irritation from materials of which tube and cuff were made, elution of chem-

icals by gas sterilization, age, debility, steroids, bacterial infection, and direct irritation by the tube’s pres-

ence. Although some of these likely contributed to the injuries seen, pressure and necrosis from tubes and

cuffs, whether endotracheal or by tracheostomy, with subsequent efforts at tissue repair, and, finally, cica-

trization, proved to be the fundamental explanation.

Post-tracheostomy stenosis had been pointed out as early as 1886, when Colles found four strictures

in 57 patients treated for diphtheria.245 However, only with the growing use of ventilation, during and after

the 1952 poliomyelitis epidemic, did postintubation injuries become more frequent.

In 1960, Aboulker and colleagues identified inflammation as a major factor in the spectrum of post-

tracheostomy stenosis.186 On the basis of 12 autopsy studies in patients who were ventilated via tra-

cheostomy for differing time periods, Bignon and Chrétien in 1962 described inflammation, metaplasia,

and stenosis at the tracheostomy site; pseudopolyps, ulceration, and stenosis in the trachea at cuff level;

and, sometimes, softening of the tracheal wall.246 They attributed these changes principally to trauma from

the cannula above and to ischemic compression by the cuff or erosion by the tip of the tube below. The

severity of lesions did not correlate with the length of ventilation.

Yanagisawa and Kirchner as well as Atkins, in 1964, described severe damage to the trachea and steno-

sis from use of cuffed tracheostomy tubes.247,248 In 1965, after careful autopsy studies of tracheostomized

and ventilated subjects, Florange and colleagues reconstructed the evolution of tracheal necrosis from



mucosal inflammation to erosion of the mucosa, loss of cartilage, and localized mediastinitis.249 They con-

cluded that this damage could result in stenosis. In 1965, Stiles described severe changes at the stomal, cuff,

and tube tip levels in 23 patients in 37 consecutive tracheostomies, all of whom died after ventilation.238 He

was inclined to relate the damage to the materials from which the tubes were manufactured. Gibson con-

cluded in 1967 that the “main factors” in producing stenosis were cuff trauma plus infection at the stoma.250

Most tracheae of patients who died while being ventilated via tracheostomy showed necrosis. Murphy and

colleagues, in 1966, could only produce stenosis in dogs with cuff tracheostomy when infection was also

present.251 In 1968, Foley and colleagues described the tracheal changes due to abutment of tubes and cuffs

in patients with fatal burns.240

In 1969, Grillo showed similar changes as a result of ventilation.84 Cooper and Grillo presented a

detailed pathologic study of autopsy specimens from patients dying on respirators.252 A spectrum of

changes was described similar to that noted by Florange. Lesions appeared within 48 hours and progressed

from tracheitis to ulceration of the mucosa, to fragmentation of cartilage, to replacement of the tracheal

wall with scar tissue. The location and nature of the lesions also correlated with surgically removed steno-

tic lesions. Lindholm presented a detailed study in 1969 of lesions developed in the larynx and also in the

trachea from ventilation.221 The severity of histologic changes was vastly greater than those described after

tracheostomy alone.253 Andrews and Pearson prospectively examined the trachea of 103 patients receiving

ventilator support in 1971.254 Twelve stomal and 6 cuff stenoses developed. Bronchoscopic examination was

of little value in predicting which patients would go on to stomal stenosis, but circumferential mucosal

ulceration at the cuff level dependably predicted stenosis at that level. Additional statistically significant fac-

tors observed in this study were large tracheostomy tubes and high-dose steroids. The same erosive process-

es were observed to cause tracheoesophageal fistulae and tracheoinnominate artery fistulae.

Prevention of postintubation injury quickly became a priority once the origin of these lesions was evi-

dent. In 1957, Adriani and Phillips found that most of the intracuff pressure necessary to inflate the then con-

ventional cuffs (90 to 220 mm Hg) was expended on distending the cuff, and the pressure on the tracheal wall

was low (10 to 15 mm Hg) in order to develop ventilatory pressures of 10 to 20 mm Hg.255 Cooper and 

Grillo later pointed out that excessive pressures were necessary to seal the irregularly-shaped trachea by dis-

tending the relatively rigid small volume cuffs that were then in use.256 Knowlson and Bassett also noted that

small increments over the minimal occlusive volume necessary for the seal of conventional cuffs at 20 cm H2O

caused a rapid rise in the pressure exerted on the tracheal mucosa.257 In 1943, Grimm and Knight had pro-

posed that the ideal cuff “should have sufficient volume when inflated, without stretching, to fill the diameter

of the trachea.”258 Lomholt offered a cuff of thin and elastic Teflon in 1967, lying in folds so that intracuff pres-

sure would be identical with pressure on the mucosa.259 Carroll and colleagues, in 1969, recommended a cuff

with large residual volume, a large sealing area, a centered tube, and the development of only small increases

in tracheal wall pressure with overinflation.260

Cooper and Grillo reproduced severe stenosing cuff lesions in dogs in 1969, which were entirely par-

allel with lesions seen in man (Figure 8).256 They used standard balloon cuffs and inflation necessary for

ventilation at 20 to 25 cm H2O. Intraluminal pressures were 180 to 250 mm Hg. Experimental large-

volume, thin-walled latex cuffs produced seals at 20 to 40 mm Hg intraluminal pressure, and no mucosal

damage followed. Since this conclusively proved that tracheal lesions were due to cuff pressure, a large-

volume, compliant cuff was designed for clinical use by Grillo and colleagues.261 Forty-five patients were

randomly selected for ventilation with a then standard Rusch cuff or the experimental large-volume, com-

pliant latex cuff, and the resulting tracheal injuries were evaluated and compared. Any degree of injury

severe enough to evolve into stenosis was produced by the standard (high pressure) cuff. The average

intracuff pressure in the new cuff was 33 mm Hg compared with 270 mm Hg in the standard cuff. In exten-

sive clinical use, no tracheal lesions resulted from use of this large-volume, compliant cuff.
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For economic reasons, manufacturers later abandoned latex in favor of plastic cuffs, which lack

extensibility. When overinflated just a bit, the present day large-volume cuffs invariably produce steep rises

in intracuff pressure, with the potential for tracheal injury severe enough to result in stenosis.257 Careful

attention to cuff inflation and pressures, however, have avoided any incidents of cuff stenosis since 1970 at

MGH. A variety of other seals, including prestretched cuffs, flanges, and alternating cuffs, were also pro-

posed as solutions, but they lacked the simplicity and effectiveness of properly used large-volume cuffs.

After adopting the lightweight swivel trachea connectors used at MGH, Andrews and Pearson observed

a drop in the incidence of stomal stenosis from 17.5% to 6.9%.254 The addition, since then, of a suspension of

connecting tubing to avoid leverage of the tube against the tracheal stoma, has essentially eliminated stomal

stenosis at the MGH.

FIGURE 8 Joel D. Cooper, MD, in about 1970, when, as surgical resident at
Massachusetts General Hospital, he worked with Dr. Grillo on the etiology
and prevention of postintubation cuff tracheal stenosis. Dr. Cooper went on to
perform successful lung transplantation at Toronto General Hospital and
developed lung volume reduction surgery for emphysema when Chief of Tho-
racic Surgery at Barnes-Jewish Hospital and Professor of Surgery at Washing-
ton University in St. Louis.



Elimination of TEF has followed proper use of large-volume cuffs for ventilation, along with avoid-

ance of inlying rigid nasogastric tubes. TIF has all but disappeared with attention to accurate placement of

tracheostomy tubes at the level of the second and third tracheal rings and not below, and also, by appro-

priate use of large-volume, low-pressure cuffs.

Management of Tracheal Trauma

Early experiences with tracheal and bronchial laceration and rupture have been described. In 1959, Hood and

Sloan listed their 18 experiences with tracheal injuries in a series of 91 tracheobronchial cases from the litera-

ture, and these were more commonly of linear lacerations.26 Shaw and colleagues, in 1961, added 9 cervical and

4 intrathoracic tracheal ruptures, recommending primary repair of acute injuries and resection of scar with

accurate anastomosis for post-traumatic stenosis.27 Baumann reviewed the limited knowledge about tracheal

trauma in 1960, recommending tracheal bronchoscopy in all serious thoracic trauma.262 Ogura and Powers

approached traumatic stenosis of the subglottic larynx aggressively in 1964.95 Chodosh as well as Ashbaugh and

Gordon and others described laryngotracheal avulsion injuries.263,264

Beall and colleagues presented 23 tracheal injuries in 1967 and favored immediate treatment, advis-

ing airway maintenance and reanastomosis where possible.265 Ecker and colleagues described 21 tracheal

injuries in 1971, with 18 successfully treated.266 Bertelson and Howitz reported cervical tracheal rupture

and perforating wounds in 1972, recommending tracheostomy alone for small wounds.267 Symbas and col-

leagues by 1976 progressed from tracheostomy alone to repairs of penetrating wounds in a series of 20

patients.268 Grover and colleagues reported experience with a variety of tracheobronchial injuries in

1979.269 Angood and colleagues added to experience in extrinsic trauma to larynx and cervical trachea in

1986.270 In 1987, Mathisen and Grillo reported good results with immediate repair of acute tracheal injuries

and also of concurrent esophageal transection in 1 patient, and good results in 16 of 17 chronic patients, 14

with vocal cord paralysis and 4 with esophageal injury.271 They emphasized the importance of airway con-

trol acutely, assessment of glottic competence where recurrent nerves may be defunctioned, subsidence of

inflammation before repair of old injuries, conservation of tracheal tissue, separation of tracheal and

esophageal suture lines, and also that a paralyzed larynx can be made functional by adjustment of the glot-

tic aperture. Couraud and colleagues addressed the especially difficult problem of traumatic disruption of

the laryngotracheal junction in 1989, describing 19 patients, with restoration of airway and voice in all.272

In general, results of treatment of both acute and late tracheal injuries are very satisfactory, in accord

with these established principles. Many additional studies have expanded since then on blunt and pene-

trating injuries and on iatrogenic lacerations or ruptures due to intubation.

Gaissert and colleagues described principles of management of inhalation burns of the trachea in

1993, recommending a conservative approach and very patient use of T tubes.273 Any surgery required is

performed very late, after subsidence of the cicatricial response.

The irradiated trachea heals poorly when transected and reanastomosed, particularly with rising

doses of irradiation and increased intervals between radiation and surgery. Muehrcke and colleagues

showed that improved results may be obtained in these difficult problems by wrapping an anastomosis with

pedicled omentum.274 Such anastomoses, however, remain at greater risk for serious complications.

Congenital and Pediatric Lesions

Concern as to whether growth would occur following resection and anastomosis of the trachea in infants and

small children was early allayed by experiment, although occasional success had also been noted clinically.

Kiriluk and Merendino had observed growth of main bronchi after anastomosis experimentally.45 Borrie had

found stenosis to occur after excision of more than three tracheal segments in lambs.275 Sorensen and col-

leagues, in 1971, noted somewhat limited growth in anastomotic sites in puppies, after resection of zero to five
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rings.276 Maeda and Grillo, in 1972, noted only mild narrowing of the anastomotic site in puppies without

resection, at full growth (Figure 9).277 They found that, after resection, growth also occurred, but the safe 

anastomotic tension permitting predictable healing was 58% of that acceptable in adult dogs (1,000 g versus

1,750 g).278 Kotake and Grillo observed in puppies that tracheal “stay sutures” reduced anastomotic tension.279

In 1973, Murphy and colleagues noted unpredictably variable growth at anastomosis in piglets, after resection

of only two rings.280 Mendez-Picon and colleagues confirmed anastomotic growth in puppies, in 1974.281 In

1978, Burrington found that cartilage grew continuously by proliferation on the convex surface without spe-

cific growth centers.282 Vertical incisions, hence, do not interrupt growth.

FIGURE 9 Mazazumi Maeda, MD, pictured in his research laboratory. In 1970 and
1971, he worked as a Research Fellow in Surgery at Massachusetts General Hospital
with Dr. Grillo, precisely describing healing of the juvenile trachea after resection.
From the University of Osaka, he went to Shikoku, as Professor of Surgery and Chief
of Surgery at Kagawa University. He was a leader in introducing tracheal and
bronchial surgery in Japan.



Cantrell and Guild classified congenital tracheal stenosis in 1964 and reported a case of resection of

what later was termed a “bridge bronchus,” with side-to-side anastomosis.283 Tracheal resection and pri-

mary anastomosis in children were explored by Carcassonne and colleagues in 1973, Mansfield in 1980,

Nakayama and colleagues in 1982, and Grillo and Zannini, and Alstrup and Sorensen, in 1984.284–288

Couraud and colleagues demonstrated long-term growth of anastomotic scars in 1990, particularly after

resection of stenosis and anastomosis.289 Monnier and colleagues showed that single-stage laryngotracheal

resection and anastomosis was also applicable in small children.167 This procedure appeared likely to large-

ly replace cartilage graft procedures developed earlier.290 However, the length of many congenital tracheal

stenoses prohibited resectional treatment.

Kimura and colleagues provided a solution in 1982, by inserting a cartilage patch longitudinally the

length of the stenosis.291 In 1984, Idriss and colleagues used pericardium for the same purpose.292 Heimansohn

and Jaquiss and their colleagues confirmed the use of pericardium and cartilage insets, respectively.293,294

Although successful in most cases, a considerable incidence of repetitive granulations formed on the 

mesenchymal patch until epithelization eventually occurred, and in some patients, necrosis of the patch

required reoperation or tracheostomy.295,296

Tsang and colleagues, working with Goldstraw, solved the problem with slide tracheoplasty, described

in 1989.297 Grillo’s report in 1994, describing 4 successful cases so treated, established the procedure.298 A

subsequent publication by Grillo and colleagues, reporting a total of 8 successful patients, 1 of whom was

10 days old, confirmed that satisfactory long-term growth occurred after slide tracheoplasty.299 The proce-

dure corrected a long stenosis by providing a firm reconstruction with tracheal tissue, lined with ciliated

epithelium and hence with little tendency to form granulomas, which did not require postoperative intu-

bation for support and (absent left pulmonary artery sling or other cardiac anomaly) did not require car-

diopulmonary bypass for surgery.

Complete laryngotracheoesophageal cleft was successfully repaired in 1984 by Donahoe and Gee.300

Infectious and Inflammatory Lesions

The techniques of tracheal and bronchial reconstruction have been applied successfully to infections such

as tuberculosis, histoplasmosis, and mucormycosis, and also to a miscellaneous group of lesions including

sarcoid and Wegener’s granulomatosis. These are not individually referenced since no new principles were

necessary for their treatment. The “new” techniques replaced the wire-supported dermal grafts pioneered

by Gebauer for tuberculous airway strictures.52

Idiopathic laryngotracheal stenosis had been identified in scattered case reports in the 1970s.301–303 Grillo

and colleagues presented a series of 49 such patients in 1993, 39 of whom were treated by one-stage tracheal or

laryngotracheal resection, with 32 good or excellent results.304 Twenty-six patients had been followed from 1 to

15 years, with extension of fibrosis occurring in only 1 patient. The pathology showed dense collagenous fibro-

sis with little inflammation. No new surgical principles were involved, but definitive delineation of the condi-

tion, its pathology, and surgical treatment were provided for the first time. It is, therefore, discouraging to see

a recent report of repetitive laser treatment used in 30 patients, who suffered recurrent progressive stenosis, and

of failure in 7 patients who did undergo open operation.305 By 2002, 75 patients have been treated surgically at

MGH and all but one successfully decannulated.306

Tracheopathia osteoplastica, a very rare condition characterized by submucosal cartilaginous nodules

with calcification, most often involving the entire trachea, but also the main bronchi, is sometimes severely

obstructive. It was treated by Mark and Grillo and their colleagues, by tracheoplasty over a T tube, which was

later removed.307,308 The operation is based on the fact that all pathologic changes are in relation to the carti-

laginous wall, allowing outward hinging of the walls to enlarge the lumen.
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Tracheomalacia appears in many forms. Short segments related to postintubation lesions have been

resected, whereas longer segments have sometimes been splinted with external polypropylene rings, or

internally with stents or T tubes.222 Expiratory collapse associated with chronic obstructive pulmonary dis-

ease was treated by Herzog and by Nissen with posterior membranous wall splinting and quilting, pulling

the ends of the splayed, softened cartilaginous rings into a more normal C shape.309–311 Thin bone slabs, fas-

cia lata, and later Goretex were used as splint materials. Rainer and colleagues reported results with perfo-

rated plastic splints of several designs in 1968.312 Wright and colleagues found posterior splinting of

intrathoracic trachea and both main bronchi with strips of Marlex to be effective.313 Importantly, Marlex

becomes permanently incorporated by scar tissue, preventing recurrence. The principal clinical benefit is

the improved ease in raising secretions.

Postpneumonectomy Syndrome

Severely symptomatic airway compression caused by extreme mediastinal shift and rotation after right

pneumonectomy was especially noted in children, but has since been identified quite commonly in

adults. Its occurrence remains unpredictable. The same effect was observed by Maier and Gould in

1953, in patients with agenesis of the lung.314 The phenomenon was also recognized to occur follow-

ing left pneumonectomy with a right aortic arch, and, rarely, even after left pneumonectomy with a

normal aortic arch.315–318 In 1949, Johnson and colleagues suggested filling a hemithorax with lucite

balls to prevent “overdistension” of a remaining lung.319 Adams and colleagues used this technique in

a symptomatic child.320 In 1966, Kaunitz and Fisher proposed continued refills of air to maintain nor-

mal mediastinal position following pneumonectomy.321 Powell and colleagues used a prosthesis 

preventively in 1979.322

In 1978, Szarnicki and colleagues divided the aortic arch after placing a graft between the ascending

and descending aorta in order to relieve compression.323 Wasserman and colleagues successfully used Silas-

tic breast implants to correct the problem in 1979.324

Rasch and colleagues placed an expandable prosthesis in an infant therapeutically in 1990.325 Grillo

and colleagues produced the first report of a series of any size, involving 11 adult patients, in 1992.316 Ten

underwent repositioning with implants. Good results were obtained generally, but not in 4 who showed

severe residual tracheobronchial malacia after mediastinal repositioning. Malacia was more likely to be pre-

sent in patients with a very long interval between pneumonectomy and operation. Interestingly and

encouragingly, since that report, further severe malacia has not been encountered. Saline-filled breast pros-

theses are presently successfully employed.

Conclusion

Tracheal surgery has largely developed and matured in the last 40 years. In summary, using mobilization

procedures, present surgical techniques permit resection of approximately half of the adult trachea with

reconstruction by primary anastomosis. Proven methods are also available for laryngotracheal as well as

carinal resection and reconstruction. The daunting problem of long congenital tracheal stenosis seems

largely solved. Much has also been learned in these decades about the etiology, natural history, pathology,

and, in some cases, prevention of various tracheal diseases.

The principles of tracheal repair differ little from those of all surgery: accurate diagnosis, thought-

fully designed procedures, refined anesthesia, meticulous and gentle dissection, preservation of blood sup-

ply, precise reconstructive technique, scrupulous avoidance of excessive anastomotic tension, protection of

suture lines and major vessels by tissue interposition, and avoidance of trauma to fresh anastomoses. In

1960, Baumann and Forster wisely counselled that the simplest solution was likely to be the best, and that

the unnecessary sacrifice of even half a centimeter of trachea might force a change in surgical plan.77
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The trachea functions as a conduit for ventilation and also for clearance of tracheal and bronchial secre-

tions. In disease, purulent matter and blood are evacuated via the trachea. Viewed as a simple tube, the tra-

chea appears to be a structure ideally suited for surgical reconstruction or even for replacement following

removal of a diseased segment. However, the trachea exhibits a number of anatomical features that may

cause great difficulties for surgical reconstruction or replacement. These include its unpaired nature, its

unique lateral semirigidity but longitudinal flexibility, its short length, its limited longitudinal elasticity, its

proximity to major vascular structures, and its largely segmental blood supply. Barriers to tracheal replace-

ment with an epithelial lined structure are discussed in Chapter 45, “Tracheal Replacement.”

Tracheal Structure

The adult male trachea averages 11.8 cm in length (range 10 to 13 cm) from the lower border of the cricoid

cartilage to the top of the carinal spur, varying with the patient’s height. There are usually from 18 to 22 car-

tilages within this length, approximating almost two rings per cm.1 Cartilaginous rings may be incomplete

or bifid. The lateral tracheobronchial angles are located slightly higher than the carinal spur so that the

length of the trachea proper along its lateral wall is slightly shorter than that measured anteriorly in the

midline to the carinal spur (Figure 1-1). The carina in the adult projects quite consistently on the body sur-

face at the level of the sternal angle since it is held in place by the aortic arch. The right main bronchus con-

tinues more vertically, whereas the left is always more horizontal with respect to the trachea. The angles

between the bronchi and trachea vary quite widely. In infants, the subcarinal angle between the bronchi is

much wider and the bronchi lie more transversely.

The level of the trachea and of its lesions is often described by reference to specific vertebrae. Since

levels vary in an individual with cervical flexion and extension as well as with respiration and deglutition,

and among individuals by age, spinal curvature, anteroposterior diameter of the thorax, and body build,

denomination by vertebral level is of little use. More to the point is the length of airway from the vocal cords

to carina, or better, of the trachea from cricoid to carina, using the carinal spur as the lower point of mea-
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surement. Also important are measures of length of uninvolved trachea above and below a lesion, plus the

longitudinal extent of the lesion. These distances are easily determined, although without absolute preci-

sion, by imaging (see Chapter 4, “Imaging the Larynx and Trachea”) and bronchoscopy (see Chapter 5,

“Diagnostic Endoscopy”). As a practical rule, I consider about three-fifths of the juvenile trachea to reside

above the sternal notch, about one-half in the young adult, and one-third or less in older adults. In the first

two groups especially, the proportion of cervical trachea varies with cervical extension and flexion.

In the adult, the tracheal lumen is often roughly ovoid, flattened anteroposteriorly (Figure 1-2). The

rings are normally C-shaped, with the posterior membranous wall connecting the arms of the “C” in an

essentially straight line measuring generally less than one-third of the circumference of the trachea (see Fig-

ure 1-2A–C). The proportion of cross-sectional cartilaginous length to length of membranous wall does

not change from infancy during growth.2 An adult tracheal ring is about 4 mm high. Therefore, there are

about two rings per cm of trachea. The length and diameter of the trachea is roughly proportional to the

size of the individual. Men generally have a trachea of larger diameter than women (see Figures 1-2B,C). In

the adult male, the external diameters of the trachea measure about 2.3 cm coronally and 1.8 cm sagitally.

Corresponding figures in the female are 2.0 and 1.4 cm. The tracheal wall is about 3 mm thick. The trachea

narrows somewhat as it progresses distally to the carina, more notably in children. These are important

points in selecting an endotracheal tube, especially for ventilation, where the tube may be in place for a long

time. A small man or woman, even if obese, will nonetheless have a trachea of shorter length and narrower

diameter. An excessively wide tube can produce subglottic erosion and consequent stenosis.

Griscom and Wohl together with Fenton measured the length, diameters, cross-sectional area, and vol-

ume of the trachea in children under the age of 6 years, asleep or resting quietly, and of older children and

adolescents at total lung capacity using computed tomography (CT) scans (Table 1-1).3–5 All parameters cor-

related with body height with little variance for gender in young children. Considerable variation in mea-

surements of length and diameter are recorded in the literature depending upon the artifacts of handling

specimens, the methods of observation, and whether the observations were made in the living or postmortem.

The techniques involved measurements of fixed and unfixed autopsy specimens, the use of x-ray or CT

images, and bronchoscopy. In small children, body weight may actually correlate better with tracheal growth

than height or age. Increase in length outstrips growth of cross-sectional area in the first year of life.6 There-

after, the rate of lengthening falls below the rate of area growth until puberty.2 Initially, the anteroposterior

diameter is slightly greater than the transverse, producing a nearly circular lumen (see Figure 1-2A). Gradu-

ally, as the child grows, the adult configuration emerges. At first, the trachea is somewhat funnel-shaped, but

the discrepancy between the area at the subcricoid level and the carina gradually diminishes, first to a cylin-

drical form and later to the more ovoid adult shape (see Figure 1-2B).2,6 After age 14 years, female tracheae

generally stop growing whereas male tracheae continue to enlarge in cross section but not in length.4 Great

care must be taken not to use excessively large endotracheal tubes for ventilation in infants and children. For-

mulas for selecting tube size with relation to age are not of great value because of individual variation.

The shape of the adult trachea varies even without disease. Some remain nearly circular rather than

becoming ovoid (see Figure 1-2C). In others, the sagittal diameter may be greater than the coronal. A slight-

ly triangular configuration occurs less often. Unique and unexplained distortions also occur. The cross-

sectional area as well as shape changes dynamically with intraluminal pressure alterations due to cough (see

Figure 1-2B), respiration, and ventilation; tracheal length and volume vary similarly. The aorta may dis-

place and deform the lower trachea (see Figure 1-2D).

The cross-sectional configuration of the trachea may be markedly altered with increasing age, par-

ticularly in the presence of chronic obstructive lung disease. The lower two-thirds of the trachea may

gradually become flattened from side to side with a consequent decrease in lateral diameter and increase

in anteroposterior diameter (see Figure 1-2E). This deformation is called, “saber sheath trachea.”7 In this



Anatomy of the Trachea 41

FIGURE 1-1 Principal features of the larynx and trachea. Anterior view. Tracheobronchial angles vary widely. LMB,
RMB = left, right main bronchus.
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case, the rings are not malacic and indeed may even calcify. Rarely, obstruction follows if the deformity

narrows the airway markedly. Another deformation in chronic obstructive pulmonary disease is antero-

posterior flattening of the thoracic trachea, which is accompanied by softening of the rings (see Figure 1-

2F). The cartilages may assume the configuration of an archer’s bow. The membranous wall widens and

becomes redundant. These changes in configuration and accompanying malacia result in various degrees

of tracheal obstruction, notably in expiration and on cough (see Figure 1-2F). The upper trachea may

become triangular in these patients (see Figure 1-2F). Unusual tracheal configurations occur in unique

tracheal diseases such as tracheopathia osteoplastica (see Figure 1-2G) and tracheobronchomegaly (see

Figure 1-2H). With advancing age or as a result of local trauma or disease, the tracheal rings and laryn-

geal cartilages may calcify.

The only complete cartilaginous ring in the normal airway is the cricoid cartilage. Congenital tra-

cheal stenosis (see Chapter 6, “Congenital and Acquired Tracheal Lesions in Children”) is characterized by

segments of variable length composed of completely circular rings of cartilage or, rarely, by irregular cir-

cular plates. The cricoid level is the narrowest point in the upper airway below the glottis both in children

and in adults. The cricoid has a broad posterior plate and is shaped much like a reversed signet ring (Fig-

ures 1-3A,B). The first ring of the trachea may be wider and partly recessed into the lower margin of the

cricoid. The endoscopist must appreciate that the vocal cords lie approximately in midlarynx, just above the

level of the anterior inferior margin of the thyroid cartilage, and that there is about 1.5 cm of subglottic lar-

ynx present between the vocal cords and the lower margin of cricoid (see Figures 1-3A–D). Only there does

A B C D

E F G H

FIGURE 1-2 Cross-sectional configuration of the trachea in health and disease. A, Juvenile trachea appears quite circular. B, Adult male trachea
at rest on the left. The shape of the lumen can also be more circular. With cough, the membranous wall “accordions,” pulling cartilage together
(at the right). C, Female trachea is smaller in diameter. In this case, the lumen is circular. D, Common deformity related to proximity to the aorta
just above the left main bronchus. E, Saber-sheath trachea. The walls are not malacic. F, Above. Triangular deformation which occurs in some
patients with chronic obstructive pulmonary disease, especially in proximal trachea. Middle. In the thoracic trachea, flattening and softening of
cartilage occurs, with elongation of membranous wall. Below. Obstructive approximation of anterior and posterior walls with expiratory effort
or cough. G, Tracheopathia osteoplastica. Saber-sheath configuration with characteristic submucosal osseocartilaginous nodules. H, Deformity
occurring in tracheobronchomegaly, Mounier-Kuhn disease. The initially huge circular lumen may become distorted, as shown. The cartilage
remains firm even when angulated.



the trachea actually begin. Endoscopists sometimes underestimate the involvement of subglottic larynx by

a pathologic process, believing they are examining the trachea once they pass the vocal cords. The conus

elasticus is a dome-shaped configuration just below the vocal cords (see Figure 1-3D). Laryngeal anatomy

is briefly described in Chapter 35, “Laryngologic Problems Related to Tracheal Surgery.”

Particularly in youth, the tracheal wall is quite elastic laterally. The normally thin cartilages in child-

hood are more easily compressed than those of the young adult, and these more easily than cartilages in the

older adult. With normal cough, the membranous wall accordions, with the trachealis muscle pulling the

lateral cartilaginous walls of the trachea medially (see Figure 1-2B). The intercartilaginous muscles between

the rings and muscles in the membranous wall contract simultaneously. The tracheal walls may also be

deformed by lateral pressure of the aortic arch (see Figure 1-2D), the brachiocephalic artery, and by extrin-

sic masses (see Chapter 15, “Tracheobronchial Malacia and Compression”). The trachea also bends flexibly

but there is limited longitudinal extensibility, somewhat greater in the young. It is estimated to amount to

about 10%. Flexibility and elasticity become more limited with advancing age, particularly when calcifica-

tion occurs in cartilages.

The mucosa of the trachea is tightly applied to the inner surface of the cartilage. The two are not eas-

ily dissected apart. Mucosa covers the posterior muscular membranous wall as well. The mucosa is nor-

mally respiratory in character, being ciliated pseudostratified columnar epithelium. Goblet cells are liber-

ally present. Submucosal mucous glands are numerous and connect to the surface by ducts. In habitual

smokers and others with chronic irritation, squamous metaplasia may occur and the cilia are destroyed.

Secretions may be successfully cleared by cough despite metaplasia and even when the mucosa has been

totally replaced by either a cutaneous tube reconstruction or by interposition of synthetic materials.

Anatomic Relationships

The normal trachea viewed anteroposteriorly lies in the midline, connecting the larynx with the carina. In

the lateral view, however, the trachea is tilted, slanting from an anterior, nearly subcutaneous position just

below the larynx to a posterior one at the carinal level, where it lies against the esophagus close to the ver-

tebrae. Although there is great individual variation, this angle from the vertical gradually increases with age
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Table 1-1 Tracheal Dimensions in Children and Young Adults

Internal Diameters
Cross-sectional

Age Height Tracheal Anteroposterior Transverse Area Volume 

(Years) Percentile Length (cm) (cm) (cm) (cm2) (cm3)

0–2 40 5.4 0.53 0.64 0.28 1.57

2–4 47 6.4 0.74 0.81 0.48 3.11

4–6 57 7.2 0.80 0.90 0.58 4.16

6–8 54 8.2 0.92 0.93 0.69 5.67

8–10 54 8.8 1.03 1.07 0.89 7.87

10–12 49 10.0 1.16 1.18 1.10 11.1

12–14 58 10.8 1.30 1.33 1.39 15.4

F M F M F M F M F M F M

14–16 67 53 11.2 12.4 1.39 1.45 1.46 1.43 1.62 1.62 18.2 20.2

16–18 47 47 12.2 12.4 1.37 1.57 1.40 1.59 1.54 2.01 18.8 25.1

18–20 60 62 11.8 13.1 1.42 1.75 1.39 1.66 1.59 2.30 18.9 30.3

Data from computed tomography measurements in life, near total lung capacity if over 6 years.4 “Tracheal length” is from vocal cords to carina. F = female; M = male.
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Recurrent
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Supraglottic
larynx

Glottis
(true vocal cords)

Subglottic
larynx

FIGURE 1-3 External laryngeal relationships. Anterior (A) and lateral (B) views. Note the position of the true vocal cords (vocal folds) in the
midlarynx. The cricoid cartilage shows the configuration of a reversed signet ring. The inferior cornu of the thyroid cartilage is close to the entry
point of the inferior laryngeal nerve. C, Lateral view of the interior of the larynx. Anterior surface to the left. Note the relationships of the ven-
tricular fold (false vocal cord), ventricle and vocal fold (true vocal cord), and their locations. The subglottic larynx lies between the glottis and
inferior cricoid border. D, Diagram of interior configuration of larynx (anterior view). Note the dome-shaped airway beneath the glottis. This
is the conus elasticus, shaped by intrinsic muscles. See Chapter 35, “Laryngologic Problems Related to Tracheal Surgery,” for description of
intrinsic laryngeal musculature.
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(Figure 1-4). In many old people, the trachea becomes increasingly horizontal in its course from the larynx

to the carina and may approach a nearly transverse position. This worsens with severe kyphosis. The ster-

num also tends to flare out with aging. The larynx lies closer to the sternal notch with increasing age and

the trachea loses mobility upon attempted cervical extension. This explains how subglottic damage may be

occasioned by upward and backward erosion of a tracheostomy tube, even though the stoma was placed at

a correct level in the trachea. In youth, a large proportion of the trachea presents in the neck above the level

of the sternal notch even when the neck is in neutral position. With extension, more than half of the tra-

chea rises into the neck, and sometimes, by as much as two-thirds (see Figure 1-4A). In contrast, attempt-

ed cervical extension in old age may bring very little, if any, trachea into the neck (see Figure 1-4B). The

surgical implications are clear. The amount of trachea that can be brought into the neck on hyperextension

of the cervical spine determines the percentage of trachea that may be resected and approximation

obtained by cervical flexion alone.8
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Neutral position Extension Flexion

a b c

a b c

FIGURE 1-4 Tracheal position in youth and old age with cervical extension and flexion. The trachea is much more vertical
on lateral projection in youth (A) than in old age (B). A, (a) In youth, approximately one-third of the trachea is in the neck
above the sternum (dashed line) in neutral position. (b) With cervical extension, one-half or more rises into the neck. (c)
Most of the trachea devolves into the thorax on full flexion. B, In the aged, the level of the larynx (a) changes little with
attempted cervical (b) extension and (c) flexion. Surgical implications are obvious.
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The esophagus lies in close relation to the trachea throughout its course (Figure 1-5). The esophagus

commences at the level of the posterior cricoid, attached to it by the sling of cricopharyngeus muscle. Since

the esophagus is a little to the left, the right posterior margin of the trachea is immediately in front of the

vertebral bodies. In inflammatory disease, this portion of the posterior tracheal wall can adhere to the ver-

tebral bodies. A layer of areolar tissue lies between the membranous wall of the trachea and the esophagus.

This close juxtaposition of the walls of these two organs has been termed the “party wall.” Normally, the

plane is easily separable. A common blood supply, as noted below, is shared by these two tubular organs.

Anteriorly, the thyroid isthmus usually crosses and is closely applied to the trachea at the level of the

second and third rings (see Figure 1-5A). The isthmus is sometimes very broad, but in a very few patients is

absent. The pyramidal lobe commonly arises from the isthmus, often slightly to the left. The lateral lobes of

the thyroid gland are also closely applied to the anterolateral and lateral walls of the trachea. Multiple small

blood vessels, lymphatic channels, and fibrous attachments bind the isthmus and adjacent portions of the

thyroid lobes to the tracheal wall.9 The inferior thyroid artery supplies the lower portion of the thyroid gland

and contributes importantly to the blood supply of the upper trachea. Details are provided below.

The superior laryngeal nerves concern the tracheal surgeon in connection with laryngeal release pro-

cedures and thyroidectomy. An external branch lies deep and parallel to the superior laryngeal artery and

innervates the cricothyroid muscle. It gives a branch to the inferior pharyngeal constrictor. The internal

branch passes into the thyrohyoid membrane with the superior laryngeal artery. It provides sensation to

laryngeal mucosa and hence reflex protection to the larynx.10

The recurrent laryngeal nerves follow different courses right and left (see Figure 1-5). The left nerve orig-

inates from the vagus beneath the arch of the aorta and lies close to the tracheoesophageal groove along its

entire course. The right nerve loops around the subclavian artery and therefore approaches the tracheo-

esophageal groove from a more lateral position. The right recurrent laryngeal nerve often passes between

branches of the right inferior thyroid artery whereas the left often is posterior to the left inferior thyroid

artery.10 They enter the larynx between the cricoid and thyroid cartilages deep to the inferior cornua of the

thyroid cartilage, behind the articulation of the thyroid and cricoid cartilages, to innervate the intrinsic laryn-

geal muscles.10–12 Small branches travel to the trachea, trachealis muscle, esophagus, and inferior constrictors,

including the cricopharyngeus muscle. Proximal branches near the recurrent nerve loops lying beneath the

right subclavian artery and aorta on the left contribute to the cardiac plexus intrathoracically.10

Rarely, the right inferior laryngeal nerve is not recurrent but crosses the neck transversely from the

vagus in one or more branches to enter the larynx. This occurs in conjunction with an anomalous right

subclavian artery arising from a left aortic arch and passing posterior to the esophagus. The nonrecurrent

nerve passes from the vagus beneath the carotid artery, may have two terminal branches, and may also give

off branches to the trachea, esophagus, and thyroid. Even more rarely, the left inferior laryngeal nerve may

be nonrecurrent in conjunction with the right aortic arch and left retroesophageal aberrant subclavian

artery. Estimated incidence is 0.63% on the right and 0.04% on the left.13

The left brachiocephalic vein is well anterior to the pretracheal plane. The brachiocephalic artery, how-

ever, crosses over the midtrachea obliquely from its point of origin from the aortic arch to reach the right

side of the neck (see Figures 1-5 through 1-7). In children, the artery rises higher and is encountered in the

lower part of the extended neck. In young adults also, this artery crosses the trachea at the base of the neck

with even moderate cervical extension. Thus in the young, a large proportion of the trachea and the bra-

chiocephalic artery regularly rise into the neck on extension (see Figure 1-4). If a tracheostomy is placed in

a child or young adult with reference to the sternal notch rather than the cricoid cartilage, it is easy to see

how tracheal arterial fistula can occur (see Chapter 13, “Tracheal Fistula to Brachiocephalic Artery”). The

brachiocephalic artery branches into the right common carotid and subclavian arteries a short distance to

the right of the trachea and behind the origin of the internal jugular vein. The left common carotid nor-
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mally arises a short distance from the origin of the brachiocephalic artery from the aorta forming a “V”

slightly to the left of the tracheal midline. The brachiocephalic artery and the left common carotid artery

may arise from a common arterial trunk, which overlies the trachea (see Figure 1-7).14 Anatomic variation

can be important if the trachea is adherent to the back of a common trunk (see Figure 1-7) as a result of

inflammation or prior tracheal surgery. Occasionally (less than 10%), a small thyroidea ima artery arises

from the back of the brachiocephalic artery and travels superiorly to the thyroid gland.

At the carinal level, the left main bronchus passes beneath the aortic arch and the right main bronchus

beneath the azygos vein. The superior vena cava lies just anterior and to the right of the trachea. The pul-

monary artery lies inferiorly in front of the carina (see Figures 1-5, 1-6). Thus, in anterior approach to the

carina, a deep quadrilateral space is developed transpericardially in front of the carina, bordered by the

Left common carotid artery

Left subclavian artery

Right common carotid artery

Left vagus nerve

Aorta

Left recurrent
laryngeal nerve

Pulmonary trunk

Superior
vena cava

Brachiocephalic artery

Right and left
brachiocephalic veins

Right recurrent
laryngeal nerve

Right subclavian 
artery

Right vagus nerve

FIGURE 1-5 Relationships of trachea to surrounding structures. A, Anterior view. Note the tight packing of major mediastinal ves-
sels adjacent to the trachea.
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FIGURE 1-5 (CONTINUED) B, Right-sided oblique view shows the complete access to the intrathoracic trachea, crossed
only by the vagus nerve and azygos vein. LMB, RMB = left, right main bronchus.
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FIGURE 1-7 Many variations occur in the arrangement of the branches arising from the aortic arch. The two most common
patterns are (A) with separate origins of brachiocephalic and left carotid arteries, and (B) with a common origin. In both,
a separate left vertebral artery may arise from the arch distal to the left carotid (C,D) and confuse the tracheal surgeon. The
common origin may complicate resection of tracheal lesions that are adherent to the trunk or the treatment of tracheoarte-
rial fistula. Adapted from Williams GD and Edmonds HW.14
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superior vena cava on the right, the aortic arch on the left, the pulmonary artery inferiorly, and the bra-

chiocephalic vessels superiorly (see Figure 23-7 in Chapter 23, “Surgical Approaches”). The presence of

major vascular structures in close proximity to the trachea makes exposure of its full extent difficult

through any single incision. These anatomic facts must be considered in planning surgical approach to a

tracheal lesion (see Chapter 23 “Surgical Approaches”).

The previously undisturbed pretracheal plane, except for the point of attachment of the thyroid isth-

mus, may be easily developed bluntly because it consists of areolar tissue with few blood vessels. Normal-

ly, it is essentially avascular except for the rare thyroidea ima artery or an even rarer small posterior branch

from the brachiocephalic artery to the trachea. A few inferior thyroid veins overlie the upper trachea

immediately below the thyroid isthmus. These drain into the left brachiocephalic vein most commonly.

The attachments of connective tissue to the trachea are loose enough so that vertical movement is easily

possible to a considerable degree both functionally and surgically. The trachea is, however, fixed by the

sling of the aortic arch over the left main bronchus where relatively little sliding motion occurs. With the

increasing anteroposterior diameter of the thorax with age, related to vertebral kyphosis, this point of fix-

ation draws the carina further posteriorly and the trachea falls into a more horizontal position when

viewed laterally (see Figure 1-4B). Mobility of the trachea with cervical extension becomes limited, as pre-

viously noted.

Blood Supply

Prior to the development of tracheal surgery, detailed description of the arterial blood supply of the tra-

chea was unknown. Using radiographs of injected specimens of the human trachea, Miura and Grillo

showed that blood supply of the cervical trachea originates from the inferior thyroid artery in a variable

pattern (Figure 1-8).15 The blood supply enters the trachea through lateral tissue pedicles in segmental

fashion throughout the trachea. Complete description of the entire tracheal blood supply was made by

Salassa and colleagues (Figure 1-9).16

The upper half of the trachea is supplied in most cases by three tracheoesophageal branches of the

inferior thyroid artery (see Figure 1-8A). The first branch supplies the lower cervical trachea with no or

minor contributions to the esophagus. The second supplies the middle section of the cervical trachea, and

the third the upper section. Both of these branches contribute to esophageal blood supply. The tracheal

branches pass either anterior or posterior to the recurrent laryngeal nerves or both. The pattern varies, and

there may be only one or two arteries. One or other artery may predominate (see Figure 1-8B). In 2 of 17

specimens studied, the lower cervical trachea was supplied instead by a branch originating from the sub-

clavian artery (see Figures 1-8Ad,Ae). The superior thyroid artery does not give direct branches to the tra-

chea, but it does anastomose with the inferior thyroid artery and also contributes with fine branches run-

ning from the thyroid isthmus to the adjacent tracheal wall.

The bronchial arteries provide consistent blood supply to the carina and lowermost trachea (see Fig-

ure 1-9).16 An anterior branch of the superior bronchial artery originates from the right side of the aorta

posteriorly. This branch usually travels over to the proximal left main bronchus to the anterior carina. The

principal and posterior branches of this vessel pass behind the esophagus to the right main bronchus. One

of these branches may arise from a supreme intercostal artery. The middle bronchial artery courses around

the medial aspect of the left bronchus and anastomoses at the carina with the superior bronchial artery or

higher tracheal vessels. The inferior bronchial artery appears to supply chiefly the left bronchial tree. The

left main bronchus is most often supplied by two left-sided aortic branches. Bronchial artery patterns are

very varied (Figure 1-10).17 Flow in bronchial arteries after main bronchial artery division is given detailed

consideration in Chapter 44, “Airway Management in Lung Transplantation.” These considerations apply

in carinal resection and reconstruction, although not as critically as in lung transplantation.
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a    50%

FIGURE 1-8 A, Variants in distribution of inferior thyroid artery to cervical trachea. Distribution in 28 specimens. The frequency of each pattern is
indicated. In (d) and (e), the major vessel is the subclavian artery.

c   7%b   32%

d   7% e   4%A
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FIGURE 1-8 (CONTINUED) B, Frequency of predominance of inferior thyroid artery branches. Adapted from  Miura T and
Grillo HC.15

a   68% b   14%

B

c   4% d   14%
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The balance of the middle and lower tracheal blood supply is derived in variable fashion from a 

brachiocephalic-subclavian system: from the supreme intercostal artery, the subclavian artery, the right internal

thoracic artery, and the brachiocephalic artery (see Figure 1-9).

Superior thyroid
artery

Inferior thyroid artery

Vertebral artery

Costocervical trunk

Supreme intercostal artery

Internal thoracic artery

Lateral longitudinal anastomosis

Superior bronchial artery

Middle bronchial artery

1st branch

2nd branch

3rd branch

FIGURE 1-9 Tracheal blood supply. A, Left anterior view. Reproduced, by permission of Mayo Foundation for Medical Edu-
cation and Research, from Salassa JR et al.16
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Salassa and colleagues identified from three to seven principal tracheal arteries along the entire length

of the lateral tissue pedicles.16 Just lateral to the tracheoesophageal groove, the primary vessels divide into

tracheal and esophageal branches (Figure 1-11). The tracheal branches pass directly to the tracheal wall,
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FIGURE 1-9 (CONTINUED) B, Right anterior view. Note the basically segmental nature of distribution. Reproduced, by per-
mission of Mayo Foundation for Medical Education and Research, from Salassa JR et al.16
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FIGURE 1-10 Principal patterns of bronchial artery supply to the trachea and bronchi. Frequency of occurrence is noted. These patterns
account for over 92% of variations. Not shown in these diagrams are the proximal branch of the superior bronchial artery which cours-
es anteriorly over the left main bronchus to carina (see Figure 1-9A) and the middle bronchial branch passing beneath the left main
bronchus to carinal anastomosis (see Figure 1-9B). Adapted from Cauldwell EW et al.17

A   40.6% B   21.3%

D   9.7%C   20.6%



branching up and down over the width of several rings. These fine branches in turn connect with the

branches of the next segmental vessels above and below. These vessels form a somewhat irregular but gen-

erally complete series of fine longitudinal anastomoses on the wall of the trachea.

From the vessels that reach the trachea, transverse intercartilaginous arteries extend deeply into the

tracheal wall and anastomose with those from the opposite side at the midline (see Figure 1-11). These ves-

sels branch into the submucosa. Smaller intercartilaginous branches point posteriorly and terminate in the

membranous tracheal wall. The posterior membranous wall of the trachea is also supplied by secondary

small branches from the primary esophageal vessels branching from the tracheoesophageal arteries. Well-

developed longitudinal anastomoses are also present. The tracheal cartilages receive nourishment from the

submucosal plexus only. The submucosal plexus of both the mucosa overlying the cartilages and that over-

lying the membranous wall interconnect and are important in supplying the membranous wall.

Although a large part of the length of the trachea can usually be circumferentially dissected without

necrosis if the trachea remains intact (and with it the vertical longitudinal vessels), circumferential dissec-
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FIGURE 1-11 Microscopic blood supply of the trachea. See text. Reproduced, by permission of Mayo Foundation for Medical Education and
Research, from Salassa JR et al.16
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tion of an excessively long segment of trachea above or below a point of tracheal division can lead to devas-

cularization. Necrosis may follow. No absolute distances acceptable for toleration of circumferential dis-

section have been experimentally determined since the intimate blood supply of the trachea varies with

species. Clinical experience, however, dictates the wisdom of minimizing circumferential dissection of tra-

chea that is to remain in the patient, with a goal of dissecting free no more than 1 or 2 cm of trachea above

or below an anastomotic line. Mediastinal lymph node dissection for tracheal tumors should be limited to

lymph nodes immediately adjacent to the segment to be resected, in order to avoid contributing to devas-

cularization. Surgical caution applies to the very rare situation where circumferential tracheal resection

may seem to be desirable during concomitant esophagectomy. Tracheal necrosis may well follow because

the tracheoesophageal arteries are interrupted by esophagectomy.18

Lymphatics

Detailed studies of tracheal lymphatic drainage are few. Following submucosal injections of India ink and

dye into the canine trachea, Strauss observed that 

1) tracheal lymphatic vessels were present as fine intercellular spaces beneath the mucous membrane

over the cartilages,

2) the lymph flowed up or down the trachea to the nearest interspace between cartilages,

3) one to three trunks flowed horizontally in the interspaces between rings,

4) flow from the anterior wall went to either side,

5) flow from the lateral wall passed to the membranous wall,

6) the membranous wall contained larger vessels in greater numbers and particles traveled up and down

the wall,

7) there were more horizontal collecting vessels in the lower interspaces, especially near the carina, and 

8) lymph vessels left the tracheal wall, especially at the lower end of the trachea, and passed to perivas-

cular lymphatics and then to lymph nodes along the trachea.19

Primary tracheal lymph nodes are pretracheal, paratracheal, and subcarinal.20 The anatomy of the

mediastinal lymph nodes has been well described in connection with lung cancer in many places.21

Pathways of lymph drainage from nodes along the trachea have been elucidated somewhat by 

Ricquet and colleagues.22 The right lower paratracheal lymph nodes drain into thoracic duct tributaries

which travel along the course of the azygos vein. Left superior bronchial nodes below the trachea drain

directly to the mediastinal thoracic duct or to the arch of the duct via the left recurrent chain. An alterna-

tive pathway is to the aortic arch node and up along the arch. Tracheal bifurcation nodes drain through

accessory ducts on either side of the esophagus to the mediastinal thoracic duct.

Clinical observations of peritracheal, pretracheal, and subcarinal nodal metastases, principally from

primary squamous and adenoid cystic carcinomas of the trachea, not surprisingly show that cells reach the

nodes most often nearest to the tumor. I have not often seen obvious “skip” nodal involvement. Although

limited node dissection has been practiced in order to preserve tracheal blood supply, recurrence in most

cases has been distant rather than local. It must, however, be noted that mediastinal irradiation has been

given quite routinely postoperatively. These are admittedly anecdotal observations. A limited number of

intratracheal dye injections in vivo by Miura and Grillo (unpublished, 1965) confirmed tracking to the

nearest paratracheal mediastinal lymph nodes. I believe that primary tracheal tumors with mediastinal

lymph node involvement should be thought of as N1 disease.
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Physiology of the Trachea

Anatomy

Flow Volume Loop

Upper Airway Obstruction
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Anatomy

Some knowledge of tracheal anatomy is relevant to appreciating the physiological characteristics of the trachea.

The trachea is a tube of approximately 11 cm in length and 1.6 to 2.4 cm in width. It is composed of

C-shaped cartilage rings, spanned by the trachealis muscle, which provides support anteriorly and lateral-

ly, and a posterior membrane that stretches and can become partially redundant when exposed to high

extrapleural pressures. The distal two-thirds of the trachea is intrathoracic, whereas the proximal third is

extrathoracic when the neck is extended and intrathoracic with the neck flexed. Thus, there is a zone of the

trachea that can be exposed to either intrapleural or extrapleural pressure.

Flow Volume Loop

The flow volume loop (FVL) has become the standard method for assessing the volume and flow characteris-

tics of the lung, as well as for physiologic evaluation of the upper airway (Figure 2-1). The total volume

exhaled, the forced vital capacity (FVC), is plotted against the simultaneously obtained flow rate (see Figure 

2-1A). Flow is obtained either directly from a pneumotachograph or by the derivative of volume against time

(flow). Spirometry displays volume against time, and although it yields similar information on the expiratory

curve, it has less of a pictorial element. The inspiratory portion of the FVL is important in diagnosing non-

fixed or variable forms of upper airway obstruction, and it is not represented in spirometric tracings.

Understanding the influence of pressure changes with phases of respiration is essential in following

the methods of diagnosis of upper airway obstruction. The key factor is the transluminal pressure, which

is the relationship between intraluminal and extraluminal pressures. The extraluminal pressure is atmos-

pheric pressure in the extrathoracic region and intrapleural pressure in the intrathoracic area. With inspi-

ration, the diaphragm and chest wall muscles expand the thoracic cavity, decompressing the intrathoracic

gases. This causes a negative pressure within the pleura that is greater than the negative intraluminal pres-

sure, thus dilating the intrathoracic airways. The positive extrathoracic extraluminal pressure does not col-
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lapse the extrathoracic trachea because of the rigidity of the trachea and stiffening of pharyngeal muscles

by neurological influences. During unforced exhalation, the intraluminal airway pressure becomes posi-

tive relative to both the intrapleural and extrathoracic atmospheric pressures. With forced exhalation,

however, the intrapleural pressure may exceed the intraluminal pressure and cause dynamic compression

of the airway. This becomes important in interpreting the FVL, and in diagnosing the site and nature of

an obstruction.

The normal expiratory FVL has two components (see Figure 2-1A). The first part is approximately

the initial 20% of the FVC, comprised of the rise and the initial descent of flow rate, and is effort depen-

dent. The remainder is effort independent, meaning that, above a moderate effort, no increase in flow is

obtained by increasing muscular effort. This is related to the phenomenon of dynamic compression, in

which high intrapleural pressure, caused by contraction of the diaphragm and intercostal muscles, is added

to the elastic recoil of the distended alveoli to compose the intra-alveolar driving pressure. However, the

same intrapleural pressure also compresses the airways, leaving alveolar elastic recoil as the sole driving

pressure, irrespective of the degree of muscular effort. At high lung volume, airflow increases with effort

because high intrapleural pressures cannot be developed and because elastic recoil is high. Furthermore,

FIGURE 2-1 Diagrammatic representation of a normal flow volume loop (A) and different types of upper airway obstruc-
tion (B–D). Flow is the vertical axis and volume is the horizontal axis. MEF50 and MIF50 are the maximum expiratory and
inspiratory flows, respectively, at 50% vital capacity.

A B

C D



the so-called choke point, the point at which intraluminal pressures equal extraluminal pressures, is in the

trachea, and the more proximal trachea with its cartilaginous support is resistant to collapse. This choke

point moves more distally with decreasing volume to a point where the airways are susceptible to pressure

and collapse.

The expiratory portion of the FVL of emphysema (Figure 2-2) has a recognizably different shape from

a normal FVL. The resistance of the small airways is increased by intrinsic disease and by the loss of the teth-

ering effect of alveoli on the airways. In addition, there is loss of alveolar elastic recoil as a result of alveolar

destruction. Thus, at every lung volume, flow rates are lower than normal. In addition, the expiratory loop

becomes concave downwards. The maximum flow of the inspiratory loop may be almost normal because

the laxity of the airways allows them to be easily opened by negative intrapleural pressure, or the flow may

be reduced when intrinsic inflammatory disease stiffens airways, producing increased resistance to flow.

Proper performance of the FVL is extremely important in interpretation (Figure 2-3). A poor initial

expiratory effort may produce an apparent plateau on the expiratory loop and simulate a variable intratho-

racic obstruction such as tracheomalacia. This often presents as a rounding rather than a plateau-like flat-
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FIGURE 2-2 The flow volume loop in chronic obstructive pulmonary disease (emphysema). Flow in the vertical axis and vol-
ume is the horizontal axis. FEV1 is the forced expiratory volume in the first second of time. FVC is the forced vital capacity.
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tening of the expiratory curve, but it can be distinguished at times by a lack of reproducibility of successive

curves. The report of the technician administering the test is perhaps the most helpful factor in distin-

guishing poor effort from disease, in many cases.

Another frequent error in interpretation of expiratory curves is the presence of a knee (see Figure 2-3)

high up on the curve, close to total lung capacity (TLC). This can be corrected by repeating the study while

hyperextending the neck. The explanation is thought to be due to stiffening of the trachea and movement of

the equal pressure point. In some younger patients, a “shoulder” can be seen further down the expiratory

curve, where flows that were being maintained during the early part of the curve decrease suddenly and more

steeply. In both these variants, however, a peak is visible. In healthy subjects, where these variants are usually

seen, the peak flow rate is in the normal range, whereas with true tracheal disease, the rate is reduced.

The inspiratory portion, in contradistinction to the expiratory portion of the FVL, is entirely effort

dependent. Whereas the effort independent portion of the FVL is a function of elastic recoil of the lung

as the driving force, the inspiratory portion is entirely driven by the force generated by the inspiratory

muscles. Interpretation of this portion of the loop can be very difficult because many subjects without

upper airway obstruction have difficulty in making a sustained forceful inhalation and technicians may

not compel full efforts. For example, variable extrathoracic airway obstruction may be overdiagnosed,

based solely on interpretation of the inspiratory portions of the loop.

Upper Airway Obstruction

The presence of obstruction to airflow in the trachea can be evaluated by inspection of the FVL. Tradi-

tionally, this has been divided into fixed obstruction and mobile obstruction, and the latter subdivided into

extrathoracic or intrathoracic obstruction. The term mobile is related to fluctuation of the diameter of the

affected region under the influence of intraluminal or extraluminal pressure. In turn, these pressures are

dependent on whether flow is occurring during inspiration or expiration.

FIGURE 2-3 Repetitive attempts at a flow volume loop, illustrating the importance of technique.



Fixed Upper Airway Obstruction

In fixed upper airway obstruction, both the inspiratory and expiratory loops demonstrate a plateau (see

Figure 2-1B). Miller and Hyatt carried out experiments, in which forced exhalation and inspiration was

performed through a series of progressively narrower tubes (Figure 2-4).1,2 These studies demonstrated that

flattening of both inspiratory and expiratory curves occurred to an increasing degree with narrowing of the

orifices. The features on the expiratory curve are first visible at about a 1-cm tracheal diameter, implying

that there is a lack of sensitivity with mild narrowing of the trachea. However, once flow limitation begins,

the reduction in flow rate is very rapid, with the peak flow rate falling from about 90% predicted at a 1-cm

tracheal diameter to 25% at a 5-mm diameter. Both the length of the plateau and the degree of peak flow

reduction are proportional to the degree of obstruction.

Miller and Hyatt also evaluated the sensitivity of other standard pulmonary function tests in the diag-

nosis of tracheal obstruction (Figure 2-5).1,2 The peak expiratory flow rate was the most sensitive test, fol-

lowed by the maximum voluntary ventilation. The forced expiratory volume in the first second (FEV1) does

not show a recognizable fall outside of the normal range until at an approximately 6-mm tracheal diame-

ter. The peak inspiratory flow rate is the most sensitive test for detecting inspiratory flow limitations. The

ratio of maximum inspiratory flow (MIF) to maximum expiratory flow (MEF) at 50% vital capacity

(MIF50/MEF50) remains about 1.0, since both parts of the FVL are altered to about the same degree.
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FIGURE 2-4 Flow volume loops obtained from breathing through progressively smaller orifices. The solid line is the unob-
structed loop. C = control. Reproduced with permission from Miller RD and Hyatt RE.2
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The most common cause of fixed stenosis is postintubation stenosis. The lesion is circumferential

and usually related to mucosal and cartilage damage at the site of the cuff. Other causes are neoplasms, goi-

ters, and stenosis of both main bronchi. Flow volume loops performed though a tracheostomy tube also

show the same pattern. Gamsu and colleagues (Figure 2-6) derived a graphic representation of flow relat-

ed to driving pressure through a series of fixed tubes of varying diameters.3 From this, and assuming a dri-

ving pressure of 100 cm H2O, the diameter of a stenotic segment may be estimated by measuring the MIF50

and MEF50. The method is reasonably accurate, within about a 1.5-mm tracheal diameter for rigid lesions,

but it is less accurate when individuals have emphysema or marked malacic segments.

Variable Upper Airway Obstruction

The term variable obstruction describes the situation where intraluminal and extraluminal pressures affect

the anatomy of the lesion. This may occur because the involved area is malacic, or because the lesion,

although firm, is not circumferential, and normal tracheal wall movement, usually the posterior membrane,

alters the shape of the lumen. The alteration may also be postural, as in the case of a hemangioma.

FIGURE 2-5 Inspiratory and expiratory flows obtained through progressively narrower external tubes. FEV1 = forced expi-
ratory volume; FIV1 = forced inspiratory volume; MMF = maximum mid-expiratory flow; MVV = maximum voluntary
ventilation; PEF = peak expiratory volume; PIF = peak inspiratory volume. Reproduced with permission from Miller RD
and Hyatt RE.2



In variable extrathoracic obstruction (see Figures 2-1D, 2-7), the negative intraluminal pressure rel-

ative to the atmospheric pressure produced during inspiration causes narrowing of, for example, a malacic

segment, resulting in limited inspiratory flow.4 During exhalation, a positive intraluminal pressure is gen-

erated, which results in maintenance or expansion of the diameter of the airway and a normal expiratory

flow rate. Thus, a plateau is observed on the inspiratory loop alone, and the MEF50/MIF50 is greater than 1.

Vocal cord paralysis, usually bilateral but also unilateral, is one of the most common causes of this pattern.5

The features are also seen in individuals with severe burns and vocal cord dysfunction.

Variable intrathoracic obstructions (see Figures 2-1C, 2-8), such as tracheomalacia, demonstrate a

reduction in the peak flow rate and a flattening of the expiratory loop, in response to the high positive

intrapleural and, therefore, extraluminal pressures generated.4 The inspiratory loop is normal, responding

to negative inspiratory pressures. The MEF50/MIF50 is low and the FEV1 less than the forced inspiratory vol-

ume in first second (FIV1). The major causes are malacic segments or noncircumferential tumors.

Upper Airway Obstruction and Chronic Obstructive Pulmonary Disease 

Tracheal abnormalities frequently develop in the presence of chronic obstructive pulmonary disease

(COPD). This may be due to injuries, such as cicatrization at the site of an endotracheal cuff producing

fixed stenosis, tracheomalacia at the site of an endotracheal cuff leading to a variable intrathoracic steno-

sis, or variable extrathoracic stenosis due to vocal cord dysfunction or malacia at the site of a tracheostomy.

The differentiation between the effect of COPD and tracheal injury is important because (a) recognition

can lead to repair and (b) it is important to understand the relative contribution of the stenosis and COPD

to symptoms such as dyspnea. For example, the presence of a minor degree of radiographically and bron-

choscopically recognizable stenosis may have little significance in the presence of very severe COPD, where

the flow limitation is mainly in the distal airways, hence the stenosis does not provide any further impedi-

ment to flow nor to expectoration of secretions.

Physiology of the Trachea 67

FIGURE 2-6 Graphic representation of airway diameter and flow (forced expiratory flow50 or forced inspiratory flow50) with
airway pressure between 50 and 150 cm H2O, derived from progressively increasing external resistances in a normal subject.
Reproduced with permission from Gamsu G et al.3
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FIGURE 2-7 Inspiration and expiration influencing variable extrathoracic obstruction. Patm is the atmospheric pressure; Ptr

is the intratracheal pressure. Reproduced with permission from Kryger M et al.4

FIGURE 2-8 Inspiration and expiration influencing variable intrathoracic obstruction. Ppl is the intrapleural pressure; Ptr is
the intratracheal pressure. Reproduced with permission from Kryger M et al.4



Fixed tracheal stenosis, variable intrathoracic stenosis, and COPD all reduce the peak flow rate. Howev-

er, the tracheal lesions produce a plateau, whereas a sharp peak is still seen in COPD, together with concave

expiratory flow patterns. The length of the plateau and the reduction of peak flow by the plateau, as

described earlier, are approximately proportional to the severity of the stenosis. As exhalation proceeds, the

site of flow limitation moves peripherally until the collapsing small airways inhibit flow. At that point, the

concave pattern of COPD will become the visible feature (Figure 2-9). Thus, the ratio of plateau to concav-

ity gives an approximation of the relative significance of the lesions. If no plateau is visible, the stenosis is

not contributing to flow limitation, nor is it likely to contribute to dyspnea. However, the reverse is not nec-

essarily true; that is, where stenosis is contributing to flow limitation, release of stenosis may not relieve dys-

pnea much, since other factors such as hyperinflation related to the residual COPD or the presence of cor

pulmonale may be very important in the mechanism of dyspnea. However, improvement in the ability to

cough up secretions may have a significant effect. Thus, COPD may conceal stenosis, and stenosis may cause

one to underestimate the severity of COPD. In addition, the presence of signs or symptoms also depends on

the relationship between the flow required for a specific activity and the degree of obstruction. Geffin and

colleagues demonstrated that, at rest, stridor was only heard when the airway was reduced to a 5 mm steno-

sis.6 However, with exercise, a less severe stenosis may also cause stridor.7

Another useful technique is the superimposition of the tidal volume loop on the FVL, with tidal vol-

ume expressed both at rest and during hyperventilation. The point of contact of the tidal volume with

inspiratory or expiratory plateaus or with the concavity of COPD provides very useful information about

the limiting factors and the contribution of the plateau to limiting flow and to the symptoms. Accurate

positioning of the tidal volume on the axis can however be difficult.

Helium-oxygen inhalation, which reduces the density of the gas, has also been used to differentiate

COPD from upper airway obstruction (UAO).8 Since flow in the upper airway is density dependent,

helium-oxygen inhalation can increase expiratory flow in the UAO, but not in COPD when laminar flow is

much less dependent on density.9 Nitrogen washout using 100% oxygen is normal in UAO, but abnormal

in COPD10,11; however, this is mainly useful when pure forms of these processes are present, whereupon an

FVL should suffice.
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FIGURE 2-9 Flow volume loops of an individual with chronic obstructive pulmonary disease (COPD), taken prior to tracheal stenosis and a bron-
chodilator (A), with bronchodilator, where flow increases sufficiently to demonstrate a plateau due to concomitant tracheal stenosis (B), and progression
of the tracheal stenosis, concealing much of the COPD (C). V= flow; VC = vital capacity.
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Miller and Hyatt presented data suggesting that the ratio of the mid-expiratory flow rate (MEF50) to

the mid-inspiratory flow rate (MIF50) would enhance the visual evaluation of the FVL.2 A normal ratio

would be from 0.9 to 1.0. A fixed obstruction, with both loops limited, would remain at about 0.9, whereas

a variable extrathoracic obstruction would be greater than 1.0, and a variable intrathoracic obstruction

would be 0.2 or less. These values for variable obstruction relate mainly to severe disease.

The dorsal membrane of the trachea is invaginated to some degree in healthy individuals when

exposed to high intraluminal pressures, such as may occur with a cough or during exercise. In some indi-

viduals with severe obstructive lung disease, this invagination as visualized at bronchoscopy may be so

severe as to almost completely obliterate the lumen. The effect is to markedly limit the ability of individ-

uals to clear secretions via coughing. This may be particularly important in patients with bronchitis extend-

ing to their distal airways. Herzog and colleagues investigated a group of these patients using a technique

of intrabronchial pressure measurements, slowly withdrawing a catheter from distal to central airways and

measuring simultaneous alveolar pressure and flow rate in a plethysmograph.12 They calculated the flow

resistance over bronchial segments and found patients with collapse of the central airways, as well as those

with collapse of both peripheral and central airways, when exposed to high intrapleural pressure. These

findings were correlated with bronchoscopic inspection, under local anesthesia, of the posterior membrane

being invaginated by high intrapleural pressure induced by coughing and hyperventilation. Herzog and

colleagues described a typical appearance of a spirometric tracing, in which there is a sudden fall in the flow

rate, known as the “check valve” phenomenon. In an individual with severe COPD, this can also be seen in

an FVL as a sudden fall in expiratory flow, followed by a slow further decline in flow (Figure 2-10). The

posterior membrane was stabilized by grafting fascia or plastic material. Herzog and colleagues showed a

marked increase in FEV1 in some cases, although not all. There was a general improvement in the partial

pressure of oxygen (PO2) and a fall in the partial pressure of carbon dioxide (PCO2) where this was initial-

ly elevated. The authors were careful to point out that these results did not mean that the collapse of air-

ways in COPD was solely in the central airways; the small airways were still the major site of collapse. How-

ever, the ability to clear secretions and limit the number of episodes of bronchitis and reactive airway

constriction was probably the most important factor in the improvement. They noted that this process was

of most assistance in individuals with a clinical syndrome of chronic bronchitis and severe attacks of

coughing even up to the point of cough syncope. This is a concept that probably needs to be re-addressed.

Certainly, the results in the small number of cases described appear to at least equal the effect of volume

reduction surgery on the FEV1.

The effect of exercise in patients with tracheal stenosis has been sparsely studied. This is a difficult

task because many patients with tracheal stenosis also have parenchymal disease, due to coexistent prob-

lems such as chronic obstructive lung disease, asthma, or bronchiectasis, which influences the results. Seven

patients without diffuse lung disease were studied using mild exercise,7 since patients with tracheal steno-

sis are limited in their ability to exercise by dyspnea. In all patients, the PO2 decreased with exercise, with

the mean being 11 mm Hg. In general, the magnitude of PO2 decrease correlated with the degree of

obstruction. PCO2 only increased an average of 2 mm Hg. In the three subjects who had surgical correc-

tion, the PO2 rose by a mean of 9 mm Hg and the PCO2 fell slightly with exercise. The vital capacity was

not changed by corrective surgery, but the FEV1, maximum breathing capacity, and peak expiratory flow

rate all increased markedly.
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FIGURE 2-10 Flow volume loop showing a sudden dramatic decline in expiratory flow followed by a long plateau, normal
inspiratory loop because of the effect of a negative inspiratory intrapleural pressure on the floppy airways. Flow is the vertical
axis and volume is the horizontal axis. FEV, is the forced expiratory volume at first second. FVC is the forced vital capacity.
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Pathology of Tracheal Tumors

Squamous Epithelial Tumors

Adenocarcinoma

Large Cell Undifferentiated Carcinoma

Neuroendocrine Tumors

Salivary Gland-Type Tumors

Malignant Melanoma

Metastatic Tumors to the Trachea

Epithelial proliferations of the trachea, like the bronchus and lung and many other organs, comprise the

common tumors obstructing the trachea. As with the bronchus and lung, the majority of epithelial neo-

plasms in the trachea are malignant, although the frequency of carcinomas in the trachea is much less. This

lowered frequency may be due to the limited surface area of the epithelium, greater mucociliary stream, and

more laminar airflow compared to the bronchial tree.

Normally, the trachea is lined by columnar ciliated respiratory epithelium, which has both mucinous

and nonmucinous cells. Many neoplasms of the trachea, both benign and malignant, are squamous rather

than mucinous or glandular, reflecting the conversion of respiratory epithelium to squamous epithelium

under noxious stimuli, particularly cigarette smoke. The squamous proliferations resemble those in the lung

in many regards. The glandular neoplasms can resemble either tumors of the lung or salivary gland, the lat-

ter because the mucus glands in the trachea are similar to mucinous glands and ducts in the oropharynx

and salivary glands. Because tumors of the trachea obstruct this single vital structure, detection occurs when

the tumor is at a smaller size compared to the average for a pulmonary tumor, and metastasis even to

regional lymph nodes is not common. Nevertheless, difficulties in resecting tracheal lesions adversely affect

the prognosis in some patients, where recurrent tumor develops after incomplete resection or, in the rare

case, where local metastasis has already occurred.

Squamous Epithelial Tumors

Squamous Papilloma and Papillomatosis

Squamous papillomas of the trachea are rare benign tumors composed of stratified squamous epithelium

with acanthosis and papillomatosis, supported by a fibrovascular core. They are either multiple and recur-

rent (papillomatosis) or solitary exophytic growths into the tracheal lumen.

Javad Beheshti, MD
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Fiona Graeme-Cook, MD

3A EPITHELIAL TUMORS OF THE TRACHEA



74 Surgery of the Trachea and Bronchi

Biology. Squamous papillomatosis occurs as multiple and recurrent squamous cell papillomas of the tra-

chea, often associated with upper (mostly laryngeal) and/or lower (bronchial) involvement. Children and

adolescents are most commonly affected, hence the term “juvenile papillomatosis”; occasional adults with

disease have been reported.1

The patient may present with stridor, wheezing, dyspnea, chest pain, or hemoptysis. The lung parenchy-

ma is affected in about 1% of cases, most of them complicated by necrosis, cavitation, or pneumonia.

The disease sometimes regresses in adulthood, but the course is usually protracted in extensive papil-

lomatosis with complications of obstruction in the trachea, larynx, or bronchi, with atelectasis, bronchi-

ectasis, and pneumonia. Surgical resection, laser fulguration, and interferon therapy are usually attempted

to secure patent airways in these patients.

Human papilloma virus (HPV) is a known cause of these tumors, and different types are detected.

HPV types 6 and 11 are commonly found in benign lesions, whereas types 16 and 18 are mostly associat-

ed with malignant transformation.2 Other types including 31, 33, and 35 are also occasionally found in

malignantly transformed cases.2 

Solitary papillomas often occur in adults, but children may also have solitary tumors.

Squamous cell carcinomas may develop in about one-third of solitary squamous papillomas without

other risk factors.3 In contrast, malignant transformation is less common in multiple papillomas (papillo-

matosis), occurs on average about 15 years after initial diagnosis, and is often associated with risk factors

such as radiation, cytotoxic drug therapy, and smoking.4

Pathology. Grossly, the papillomas appear as cauliflower-like excrescences, protruding into the tracheal

lumen (Figures 3-1, 3-2 [Color Plate 1]).

Microscopically, papillomas are composed of loose fibrovascular cores covered by hyperplastic strat-

ified squamous epithelium with papillomatosis. Keratinization may be present sometimes with small

parakeratotic foci. Koilocytosis (perinuclear halo and nuclear wrinkling) is seen in all papillomatosis cases

and in solitary papillomas associated with HPV. The epithelium is usually cytologically bland; mitoses,

atypicality, or dysplastic cells are infrequent, but are occasionally seen in solitary papillomas (Figure 3-3

[Color Plate 1]).

A case of a cytologically benign papilloma was reported in a 27-year-old man, where the tumor

invaded the tracheal wall and adjacent soft tissues, without nodal or distant metastasis in 4 years of follow-

up. The term “invasive tracheal papillomatosis” was suggested in this case.5

Papillomas must be differentiated grossly and microscopically from papillary squamous cell carcino-

mas, which they resemble because of papillary configuration and layers of neoplastic squamous cells, but

lack similar atypical cellular and architectural features. Squamous cell carcinomas may also arise in papil-

lomas, showing focal cellular pleomorphism, loss of maturation, dyskeratosis, and increased hyperkerato-

sis. It then extends through the epithelium and ultimately invades the underlying connective tissue. It may

go through the tracheal wall into adjacent soft tissues and lymphatics. These can be well or moderately dif-

ferentiated, with or without keratinization. Small endoscopic biopsies can result in improper interpreta-

tion, since malignant transformation can be well differentiated or focal. Conversely, some focal atypia have

been observed in benign papillomas.6 Extension of squamous epithelium to bronchial glands should not

be interpreted as invasion.

Squamous Cell Carcinoma

In many published series, squamous cell carcinoma is the most common primary tracheal tumor, whereas

in others, it equals in frequency or comes after adenoid cystic carcinoma as the second-most common neo-

plasm in adults.7–9



Biology. Although one of the two most common tracheal malignancies, squamous cell carcinoma is far

less common than its laryngeal or bronchogenic counterparts, which are about 75 and 180 times more fre-

quent, respectively.10 Age distribution is between 20 and 80 years with peak incidence in the sixth and sev-

enth decades, similar to bronchogenic squamous cell carcinoma. An infant with tracheal squamous cell car-

cinoma has been reported.8 Men are significantly more affected than women, with a ratio of 2:1 to 4:1 in

large series.8,9 Smoking history is present in most patients, accounting for almost all cases in some series,

suggesting a strong association as in bronchogenic squamous cell carcinoma.7

The lower incidence of tracheal squamous cell carcinomas compared with those of the bronchus is

attributed by some to laminar airflow in the trachea (because of large diameter) and effective mucociliary

clearance (because of evenness and absence of bifurcation). These may prevent accumulation of carcino-

gens in the mucosa which can promote a malignant transformation sequence.11 Six patients have been

reported with tracheal squamous cell carcinoma arisen from tracheostomy scars, probably the result of car-

cinogenesis in active repair, similar to scar carcinoma elsewhere.12 One case was reported in a plumber

exposed to asbestos.13

Most cases of primary squamous cell carcinoma occur as solitary lesions, but synchronous and

metachronous tumors, mostly with bronchogenic, laryngeal, or esophageal squamous cell carcinomas, have

been reported.14,15

Pathology. Grossly, squamous cell carcinomas usually arise from the posterior tracheal wall as polypoid

growths, most commonly in the lower third, followed by the upper third (Figures 3-4, 3-5 [Color Plate 1]).8

Surface ulceration is often present.

Microscopically, the tumor is composed of nests and sheets of squamous cells with various

degrees of differentiation (Figures 3-6, 3-7, 3-8 [Color Plate 1]). Squamous differentiation, as in the

lung, includes intercellullar bridges and keratin pearl formation. Two cases of basaloid variants have

been reported, wherein like the cutaneous basal cell carcinoma, the cells are smaller, with scant cyto-

plasms and high nuclear to cytoplasmic ratios.16 Combined squamous cell and small cell carcinomas

have also been reported.17

The differential diagnosis includes papilloma, squamous cell carcinoma arising in papilloma,

mucoepidermoid carcinoma, and necrotizing sialometaplasia. It must also be distinguished from squa-

mous cell carcinomas invading from adjacent structures such as the esophagus, lung, thymus, and even thy-

roid gland. These primaries must always be considered when squamous cell carcinoma is diagnosed by

endoscopic biopsy.

Adenocarcinoma

Although the most common lung malignancy, adenocarcinomas are usually located in the lung periphery,

away from the central airways; they are infrequent in central bronchi and much rarer in the trachea.

Biology. Adenocarcinoma has been reported in several recent series of primary tracheal tumors as a rare

entity.9,18 However, in older literature, its occurrence was much higher, and exceeded squamous cell carci-

noma as the most common tracheal malignancy in some series.19 It is not clear whether some cases of other

primary tumors, such as mucoepidermoid carcinoma or adenoid cystic carcinoma, adenocarcinomas

invading from adjacent structures, and metastatic adenocarcinomas, had been misclassified as primary

adenocarcinomas in those series, and hence partly responsible for the high incidence of this tumor in older

publications. Adenocarcinoma affects both men and women, and occurs mostly in the fifth to eighth

decades of life. Presentation is often with obstructive symptoms. One patient presented with a thyroid

mass, later found to be invasion from tracheal adenocarcinoma.20
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Pathology. Grossly, adenocarcinomas are bulky tumors that may bulge into the lumen, but they also

invade through the tracheal wall into adjacent structures.

Microscopically, most of the reported cases have been of the mucin-producing category. They form

glands, with the epithelial cells containing large vesicular nuclei and prominent nucleoli (Figures 3-9, 3-10

[Color Plate 2]). Differential diagnosis includes adenoid cystic carcinoma, mucoepidermoid carcinoma,

and secondary involvement of trachea from other primaries. The latter includes direct invasion from thy-

roid gland carcinomas and adenocarcinomas of proximal bronchi extending up to the trachea. Metastatic

adenocarcinomas must be distinguished from tracheal primaries, as cases have been reported from col-

orectal adenocarcinomas and endometrial adenoacanthomas.21,22

A case of adenocarcinoma ex pleomorphic adenoma (arising in pleomorphic adenoma) of the trachea

has been reported.23 Also reported are cases of thyroid carcinoma arising from ectopic thyroid tissue in the

trachea.24 Various degrees of histologic differentiation in tracheal adenocarcinomas remain to be clarified,

since this description is not given in most of the published series. Tracheal adenocarcinomas seem to follow

an invasive and rapidly fatal course; however, valid survival analyses have not been performed so far.

Large Cell Undifferentiated Carcinoma

Also called “large cell carcinoma” or “anaplastic carcinoma,” this malignant epithelial tumor consists of

sheets of cells with large nuclei, prominent nucleoli, abundant cytoplasm, and usually well-defined cell

borders, without the characteristic features of squamous cells, small cells, or adenocarcinomas.25

Biology. Large cell carcinoma of the lung almost always occurs in smokers with a median age of 60 years.26

Its incidence in the trachea ranges from none in some series to as high as 21% in others.11,27

Pathology. Grossly, these tumors are usually large tan or white necrotic masses, sometimes with

hemorrhage.

Microscopically, sheets of large polygonal cells with large vesicular nuclei and prominent nucleoli

are observed. Cytoplasm is abundant and the cell membrane is usually prominent. Squamoid features

may be seen, but keratin pearls and intercellular bridges are lacking. Gland formation and mucin pro-

duction, which may be identified by mucin stains, are not present. Therefore, the diagnosis is made by

exclusion of squamous cell carcinoma and adenocarcinoma. Small endoscopic samples may lack foci of

differentiation that are evident later in a resected specimen. When neuroendocrine differentiation is sug-

gested by immunohistochemical or electron microscopic examinations, the tumor corresponds to “large

cell carcinoma with neuroendocrine differentiation” as occurs in the bronchi. It is distinguished from

“large cell neuroendocrine carcinoma,” which shows an organoid pattern, rosetting, and peripheral pal-

isades. Differentiation from small cell carcinoma is evidenced by large vesicular nuclei, prominent nucle-

oli, abundant cytoplasm, and absence of nuclear molding. Smearing (crushing) artifact is more usual for

small cell carcinoma.

Histological variants include giant cell carcinoma, spindle cell carcinoma, pleomorphic (giant

cell/spindle cell) carcinoma, clear cell carcinoma, and lymphoepithelioma-like carcinoma. Only giant cell

carcinoma and lymphoepithelioma-like carcinoma have been reported in the trachea.28,29

Giant cell carcinoma has large cells (ie, two or three times the size of classic large cell carcinomas) and

huge, bizarre, and pleomorphic giant cells. Giant cells may be seen focally in many lung carcinomas and

may also occur after radiation therapy of tumors, and a prominent component of giant cell change (ie,

above 10% of tumor cells) is necessary to make the diagnosis.25,28 It is not certain whether the reported

giant cell carcinomas in the trachea meet the given criteria. The only reported case of lymphoepithelioma-

like carcinoma had similarity to the so-called nasopharyngeal lymphoepithelioma.29



Mixed small cell/large cell carcinoma has been seen in the lung, and a case of mixed small cell/squa-

mous cell/giant cell carcinoma in the trachea has been reported.30 Anaplastic or undifferentiated carcino-

ma invading the trachea from adjacent structures must always be considered in the differential diagnosis of

primary tracheal large cell carcinoma. In a series of anaplastic thyroid carcinoma, tracheal invasion was

reported in some cases.31

Neuroendocrine Tumors

This group of malignant neoplasms comprises a spectrum from low-grade typical carcinoid to high-grade

neuroendocrine tumors. These tumors are much less frequent in tracheae than in bronchi, probably due to

a scarcity of Kulchitsky cells (neuroendocrine cells of origin) in the trachea. Bronchopulmonary neuroen-

docrine tumors are classified into low-grade typical carcinoid, intermediate-grade atypical carcinoid, and

high-grade carcinoid categories of large cell neuroendocrine carcinomas and small cell carcinomas.

Because of their rarity in the trachea and lack of large studies, some of the data given here are based on

bronchial counterparts, which probably do not differ much from tracheal ones.

Typical and Atypical Carcinoid Tumors

Carcinoid tumors are low-grade malignant neoplasms of neuroendocrine cells. They are divided into typ-

ical and atypical subtypes, with the latter possessing more malignant histologic and clinical features.32

Biology. Carcinoid tumors are reported from childhood to old-age.33 The median age for patients with

bronchial carcinoid tumor is 55 years, and it is the most common bronchial tumor of childhood.34 Males

and females are equally affected.

Pathology. Grossly, carcinoid tumors usually have a main polypoid intraluminal component, with a

smooth and tan-yellow to pink cut surface (Figure 3-11 [Color Plate 2]). Occasionally, they can be virtual-

ly confined to the polyp and have only minor growth in the lamina propria of the tracheal wall. Atypical

carcinoids may be more infiltrative through the wall, sometimes with areas of necrosis or hemorrhage.

Local lymph node metastasis is frequently seen in atypical carcinoid tumors.

Microscopically, both typical and atypical carcinoids show the so-called “neuroendocrine look,”

which is an organoid pattern of uniform epithelial cells with a finely granular chromatin pattern, incon-

spicuous nucleoli, and moderate eosinophilic cytoplasm (Figures 3-12, 3-13, 3-14 [Color Plate 2]). Atypical

carcinoids have coarser chromatin with more prominent nucleoli. Other histologic patterns are those that

are trabecular, glandular, paraganglioma-like, rosette-like, and palisaded. Usually, more than one pattern is

seen in a given tumor. Uncommon patterns seen in tracheal carcinoids are those that are oncocytic and

melanin-producing.35

It is well known that atypical carcinoids are cytologically more atypical with a higher mitotic rate and

necrosis, but the criteria of separation from typical carcinoids have been challenging over the years. The

most recent criteria were proposed by Travis and colleagues for bronchopulmonary carcinoids, and seem

to be reproducible and well correlated with clinical behavior and survival.36 Based on these criteria, atypi-

cal carcinoids are characterized by a mitotic rate of 2 to 10 per 10 high-power fields or foci of coagulative

necrosis; that is, either punctate or large and infarct-like.

Typical carcinoids are often well delimited or have a broad front of invasion. Atypical carcinoids are

more likely to have tongues of invasion into the tracheal wall. Vascular and lymphatic invasions are com-

mon in atypical carcinoids.

Differential diagnosis includes small cell carcinoma and undifferentiated large cell carcinoma,

which can be very difficult on interpretation of small or crushed endoscopic biopsies. Depending on
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the various patterns present in carcinoid tumors, other tumors may be considered in the differential

diagnosis, but it is not clear how often uncommon patterns may be seen in tracheal carcinoids.37 An

oncocytic pattern must be separated from other forms of oncocytic tumors. A glandular pattern may be

difficult to differentiate from adenoid cystic carcinoma and mucoepidermoid carcinoma. Important is

the absence of hyaline cores and mucin, respectively. Immunohistochemical studies for neuroendocrine

markers are often necessary on a small biopsy. Melanocytic carcinoid tumors must be separated from

melanomas.

Metastatic carcinoma of the trachea is another group in the differential diagnosis. The 5- and 10-year

survival rates for typical bronchial carcinoid tumors are both at 87%, and for atypical carcinoid tumors,

are at 56% and 35%, respectively.36 The survival for atypical carcinoid tumor of the trachea is probably less

than its bronchial counterpart, because local lymph node metastasis for this midline organ can be bilater-

al and difficult to encompass surgically at the outset.

Large Cell Neuroendocrine Carcinoma

Large cell neuroendocrine carcinoma (LCNEC) is a high-grade neuroendocrine tumor, which may be mis-

taken pathologically for a carcinoid or atypical carcinoid tumor, but has a worse prognosis. This tumor

shows a light microscopic, immunohistochemical, and ultrastructural neuroendocrine differentiation.

Biology. There is only one published study on these tumors in the trachea.38 This could be due to its rar-

ity, but it may also be due to misclassification as an atypical carcinoid or large cell carcinoma. The data and

descriptions that follow are mainly from pulmonary LCNECs. The patient ages range from 35 to 75 years,

and the tumor occurs mostly in cigarette smokers.39

Pathology. Grossly, the cut surface is usually yellow, tan, or white, with necrosis. Hemorrhagic foci may

be present.

Microscopically, the tumor shows neuroendocrine features with organoid, palisading, trabecular, or

rosette-like growth patterns. It usually has nests of tumor cells with central necrosis. The cells are large with

vesicular nuclei and prominent nucleoli. The mitotic rate is more than 10 per 10 high-power fields.

Endocrine differentiation may be shown on immunohistochemical or ultrastructural studies.

The main differential diagnosis is of large cell carcinoma with neuroendocrine features. This distinc-

tion is made by light microscopic evidence of a “neuroendocrine look,” such as an organoid pattern, periph-

eral palisades, or rosetting in LCNEC. Immunohistochemistry and electron microscopy are not helpful

since both have neuroendocrine granules. Atypical carcinoid is separated based on mitotic activity (less

than 5 per 10 high-power fields). Small cell carcinoma is sometimes difficult to differentiate, particularly

when the cells are larger in small cell carcinomas or when the biopsy is small and crushed. Overall, small-

er cells in small cell carcinomas, as well as nuclear molding, a fine chromatin pattern, absence of incon-

spicuous nucleoli, a smearing effect, and basophilic staining of vessels (Azzopardi effect) are helpful dis-

tinguishing features.

The prognosis is worse than for atypical carcinoids, and approaches that for small cell carcinoma.38

The response to chemotherapy seems to be better than that of nonsmall cell carcinomas.

Small Cell Carcinoma

Small cell carcinoma is the other high-grade neuroendocrine carcinoma of the tracheobronchial tree.

Biology. Relatively common among bronchial malignancies, small cell carcinoma has been regarded as a

very rare tumor in the trachea. In most studies, it is either not present or is reported as one of the least



common tracheal malignancies. However, in two of the largest series with 321 and 43 cases, it comprised

6% and 7% of tracheal tumors, respectively.18,40 Hormonal activity was reported in a case with both onco-

genic hypophosphatemia and ectopic corticotropin production causing Cushing’s syndrome.41

Pathology. In bronchi, small cell carcinoma typically infiltrates the wall, with irregular thickening of

mucosa, and it less commonly produces a tapered narrowing or intraluminal mass. When there is extensive

paratracheal small cell carcinoma, it may be difficult to know whether the tumor arose in the hilum of the

lung, esophagus, thymus, or trachea.

Microscopically, the tumor consists of irregular islands of small cells, about two or three times the

size of lymphocytes, with a high nuclear to cytoplasmic ratio. Nuclei are round to oval with hyperchromatic

finely-granular chromatin, nucleoli are absent or inconspicuous, and cytoplasm is scant (Figures 3-15,

3-16 [Color Plate 2]). The cells usually lie close to each other, sometimes with nuclear molding. Extensive

or punctate necrosis is common and mitotic figures are frequent. Less common morphologic features

include slightly larger polygonal cells with more cytoplasm, formation of tubules and rosettes, and periph-

eral palisading, all of which are seen in bronchial small cell carcinomas.

The neuroendocrine nature of the tumor cells is occasionally demonstrable by immunohistochemi-

cal studies with neuroendocrine markers, such as chromogranin, synaptophysin, neuron-specific enolase

(NSE), and neuron cell adhesion molecule (N-CAM), or as dense core granules on electron microscopy. In

practice, however, these studies may be difficult to interpret in a small crushed biopsy.

A case of mixed squamous and small cell carcinoma and another of mixed squamous cell, small cell,

and giant cell carcinoma have been reported in the trachea.17,30

Differential diagnosis includes other neuroendocrine tumors (carcinoid, atypical carcinoid, large cell

neuroendocrine carcinoma), nonsmall cell carcinoma (adenocarcinoma, squamous cell carcinoma, large

cell carcinoma, whose cells are sometimes relatively small), small round cell tumors (such as lymphoma,

embryonal rhabdomyosarcoma), and adenoid cystic carcinoma.

The diagnosis may be particularly difficult in small endoscopic biopsies due to crushing artifact of

cells, which can also occur in lymphocytic infiltration and neuroendocrine and other tumors. The exclu-

sion of malignant lymphoma by cytology or immunohistochemical markers is particularly important

because of the different therapy and prognosis for tracheal lymphoma.

Similar to bronchial small cell carcinoma, this tumor has the worst prognosis among the tracheal

malignancies.

Salivary Gland-Type Tumors

The minor salivary glands existing in the mucous membranes of the head and neck extend downward as

the submucosal glands in the trachea. Therefore, they are subject to most of the so-called “salivary gland-

type tumors” that involve the salivary glands of the head and neck, with only few exceptions. However, the

frequency of such tumors is much lower in the trachea than in the head and neck region.

Pleomorphic Adenoma (Mixed Tumor)

Pleomorphic adenoma is primarily a benign tumor of the major salivary glands. Rarely, it can arise from

seromucous glands of the tracheobronchial tree.

Biology. Approximately 30 cases of tracheal pleomorphic adenoma have been reported in the literature.

The male to female ratio is about 2:1 with an age range of 15 to 80 years. Over one-half of patients were in

the fifth and sixth decades of life.
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Pathology. The upper third of the trachea is the most common site of origin, followed by the middle and

lower thirds.42 The tumor typically grows as a polypoid intraluminal mass, causing various degrees of

obstruction (Figure 3-17 [Color Plate 3]).

Microscopically, pleomorphic adenoma is relatively well circumscribed, but without a capsule. It con-

sists of a mixture of epithelial cells, myoepithelial cells, and stroma (Figures 3-18, 3-19 [Color Plate 3]). The

epithelial component forms sheets, ducts, trabeculae, and small nests of cells with vesicular nuclei and small

to moderate amounts of cytoplasm. Foci of squamous differentiation may be seen. These areas merge with

alternating areas of spindled and stellate cells in myxoid, hyaline, or chondromyxoid stroma. The terms

“pleomorphic” and “mixed” both describe the contribution of epithelial and mesenchymal elements, but

one or the other may predominate, almost to the exclusion of the other.

Differential diagnoses include other salivary gland-type tumors like adenoid cystic carcinoma and

mucoepidermoid carcinoma. Polymorphous low-grade adenocarcinoma, which sometimes is a difficult

tumor to distinguish from pleomorphic adenoma in salivary glands, has been reported in the bronchi but

not in the trachea.

The prognosis is excellent, with only one recurrence reported. One patient died of tracheal obstruc-

tion. A case of carcinoma arising in pleomorphic adenoma (carcinoma ex pleomorphic adenoma) has also

been reported, and we have seen a case where the majority of the tumor was pleomorphic adenoma, but

the invasive tumor in the adventitia was carcinoma.23

Mucous Gland Adenoma

Mucous gland adenoma is a benign tumor of salivary gland-type, which can rarely arise in seromucous

glands of the tracheobronchial tree. A small number of cases has been reported in bronchi and two cases

in the trachea.43,44 This tumor is characterized by cystically dilated mucous-filled glands, hence the syn-

onymous term “mucous gland cystadenoma.” The cystic glands are lined by monomorphic cuboidal to

columnar cells. Papillary proliferation can be present in the luminal surface of the tumor in both bronchial

and tracheal mucous gland adenomas.

The major differential diagnosis is mucoepidermoid carcinoma, which in low-grade cases could be

predominantly glandular with a banal cytology. The presence of intermediate cells in mucoepidermoid car-

cinoma helps in this distinction.

Adenoid Cystic Carcinoma

Called “cylindroma” in the past because of the production of cylindrical structures by the tumor cells, ade-

noid cystic carcinoma is one of the two most common tracheal malignancies, and together with squamous

cell carcinoma, accounts for more than two-thirds of all tracheal tumors.9,18,45 Although it is less common

than its head and neck counterpart, its occurrence is higher than bronchial adenoid cystic carcinomas.

Biology. The age distribution for patients with this tumor is generally between 15 and 80 years, with the

peak incidence occurring in the fifth decade, and the mean age being 10 years less than patients with squa-

mous cell carcinoma.9,45,46 The sex distribution is almost equal.9,45,46 No association with smoking has been

reported. The slow-growing nature of this malignancy causes late symptoms, which adds to the general

diagnostic delay of tracheal tumors due to anatomic characteristics of the trachea (mainly its large luminal

diameter) and often unhelpful chest x-rays.

Pathology. Grossly, the tumor grows as a polypoid intraluminal mass or infiltrates the wall to cause thick-

ening which can be vertical, horizontal, or circumferential, with eventual narrowing of the lumen (Figures

3-20 through 3-23 [Color Plate 3]).47



Histologically, the tumor consists of small basaloid cells with a relatively high nuclear to cytoplasmic

ratio and scant cytoplasm (Figure 3-24 [Color Plate 3]). The nuclei are round to oval, and dark and monot-

onous. Three histologic subtypes are identified: cribriform, tubular, and solid (Figures 3-25, 3-26, 3-27

[Color Plate 4]). The most common is the cribriform type, in which the neoplastic cells are arranged in

nests and sheets fenestrated by round to oval spaces. These spaces contain eosinophilic periodic acid-Schiff

(PAS)-positive basement membrane-like material. The tubular subtype has single-lumen tubular units

with smaller nests than the cribriform subtype. In the solid pattern, the cells are packed together to form

nests and sheets with few lumina. Commonly, more than one pattern is present in a given tumor. The over-

lying epithelium is usually intact, with the tumor infiltrating submucosal tissue, going through the wall to

adjacent structures, particularly from the posterior wall, where there is no cartilage. The neoplastic cells

have a marked tendency for perineural invasion (Figure 3-28 [Color Plate 4]). Because of this infiltrating

nature, microscopic examination often shows tissue involvement beyond grossly visible or palpable tumors.

Histological grading is based on the presence and percentage of solid pattern, which inversely affects

prognosis.48 Grade 1 is a tumor composed of tubular and cribriform subtypes, without any solid areas.

Grade 2 consists of tubular and cribriform subtypes, with less than 20% solid subtype. In Grade 3, the solid

subtype comprises more than 20% of the area of the section. This grading system has been shown to cor-

relate with tumor behavior and patient prognosis.48,49

Differential diagnosis includes other carcinomas, mostly adenocarcinomas. Solid areas with few cystic

spaces may be confused with adenocarcinomas, particularly since the nuclei can be larger and vesicular in poor-

ly differentiated adenoid cystic carcinomas. In cases in which the morphology is close to adenocarcinoma with

large sheets and few cystic or glandular spaces, the behavior is likely to be that of an adenocarcinoma.

Small cell carcinoma must also be differentiated from the solid subtype. The more even chromatin

pattern, nuclear crowding, and molding in small cell carcinoma are of help in this distinction.

Frozen section examination of proximal, distal, and circumferential resection margins are essential at

the time of definitive resection because of the surreptitious manner in which this tumor spreads. Two

potential oversights are noteworthy. First, nests of tumor the size of lobules of normal tracheal mucous

glands may partially replace the normal lobules without altering the overall mucosal architecture, thus

escaping detection on casual examination. Second, perineural infiltration by individual cells may be the

only tumor present in peritracheal adventitia. The paratracheal nerves deserve identification.

Adenoid cystic carcinomas tend to be locally recurrent, particularly with inadequate safe margins, but

nodal paratracheal metastases develop late in the course. Distant hematogenous metastases are infrequent

in our experience, and fatal complications are more commonly due to recurrent tumor. When they occur,

they are usually in the lung, liver, or bone.

The prognosis is much better than squamous cell carcinoma, with 5- and 10-year survivals being

reported to be about 75% and 50%, respectively.

Mucoepidermoid Carcinoma

Mucoepidermoid carcinoma is a malignant salivary gland-type neoplasm arising from submucosal glands

of the trachea. Until its histological description and definition as a separate entity in the tracheobronchial

tree by Smetana and colleagues in 1952, and by Liebow 1975, and even years thereafter, it was classified as

a “bronchial adenoma” together with carcinoid tumor and adenoid cystic carcinoma.50,51

Biology. Mucoepidermoid carcinoma is a rare tracheobronchial tumor, which affects the trachea even less

often than bronchi. Because of its rarity, no large series has ever been published exclusively on tracheal

mucoepidermoid tumors, and precise demographic data are lacking. Although it occurs in a wide age

range, from childhood to the elderly, many cases are reported in children, and a predilection for the teenage
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and young adult population seems to be present, as is the case in its bronchial counterpart. In a large series

of bronchial mucoepidermoid carcinomas, low-grade tumors comprised 90% of cases, and over half of

them occurred in individuals younger than 30 years of age.51,52 High-grade tumors occurred in 10% of

cases, 70% of these in individuals older than 30 years.

Pathology. Grossly, this tumor typically grows as a polypoid tan-gray to pink endotracheal mass (Figures 

3-29, 3-30 [Color Plate 4]). Invasion through the trachea into adventitia is seen in some high-grade tumors.

Microscopically, mucoepidermoid carcinomas are characterized by a variable admixture of mucus-

secreting cells, squamous cells, and cells of intermediate type (Figures 3-31, 3-32 [Color Plate 4]).53 Mucin-

producing cells are scattered individually, in clusters, or more commonly, arranged in glandular or cystic

structures, which are intimately intermixed with sheets of intermediate or squamous cells. Intermediate

cells are taken to be smaller than squamous cells, with scant cytoplasm and without any differentiation

toward squamous or mucinous cells. Obvious features of squamous differentiation as squamous pearls,

eddies, or dyskeratotic cells are often absent. Oncocytic and clear cell changes are described in bronchial

counterparts. One case of oncocytic mucoepidermoid carcinoma has been reported in the trachea, in which

sheets and nests of oncocytes comprised 75% of the tumor.54 The cells stained positive for phosphotungstic

acid-hematoxylin (PTAH) and negative for PAS and neuroendocrine markers. Anaplastic features were

absent and the tumor was classified as low grade. Regional lymph node metastasis was found. Clear cell

change is not reported in tracheal tumors but could possibly occur as it does in bronchial tumors.

Differential diagnosis includes squamous cell carcinoma, adenocarcinoma, other salivary gland-type

tumors (like pleomorphic adenoma), carcinoid tumor, and mucous gland adenoma. The oncocytic variant

must be differentiated from oncocytoma and carcinoid tumor. Adenosquamous carcinoma is a major dif-

ferential diagnosis in the lungs (bronchial tree), but no case has been reported in the trachea.

A grading system is not as well established as is in salivary gland mucoepidermoid carcinomas since

there are no large follow-up studies. The grading system that follows is used for bronchial mucoepidermoid

carcinomas and seems to correlate with tumor behavior and disease outcome in tracheal tumors as well.52

In low-grade mucoepidermoid carcinomas that comprise the majority, glands or cysts of mucinous

cells predominate. The minor components are the solid sheets of intermediate and squamous cells, which

show little mitotic activity, nuclear pleomorphism, or necrosis.

High-grade tumors have sheets of intermediate and squamous cells with high mitotic rate (4 per 10 high-

power fields on average), nuclear atypia, or cellular necrosis. Glandular structures are the minor component.

Older literature is conflicting with respect to disease outcome and patient survival, partly due to the

misclassification of this tumor with others as a “bronchial adenoma,” and partly due to the lack of a grad-

ing system. Hence, both excellent and very poor prognoses are reported, now attributable to low and high

grades of tumors. The strong association between tumor grade and clinical course is now well established,

with an excellent course in low-grade and a fatal course in most high-grade tumors.55,56

Malignant Melanoma

Malignant melanoma of the skin can rarely metastasize to the trachea. Even less frequent is a malignant

melanoma primary in the trachea, with only about 4 cases reported in the literature so far.57 An addition-

al case of multiple tracheobronchial melanoma has also been published, in which the primary site could

have been either the trachea or bronchi.58

Pathology. Grossly, most of these tumors have been polypoid, one of them with a long, narrow stalk (Figure

3-33 [Color Plate 5]).59 Another of the tumors had a flat subepithelial location.60 This flat melanoma had

metastasized to the adjacent lymph node. Pulmonary metastasis was present in one case.59 



Microscopically, the tumor classically consists of large cells with atypical vesicular nuclei and promi-

nent nucleoli. The cells are arranged in nests and sheets (Figure 3-34 [Color Plate 5]) and contain melanin.

If no melanin is seen, one can prove melanocytic differentiation by immunohistochemical or ultrastruc-

tural analyses. Intraepithelial location of malignant melanoma suggests that the tumor has arisen at that

site. Differential diagnosis is broad, and includes various tumor categories such as carcinomas, sarcomas,

and lymphomas. The most important ones to differentiate in this location are large cell carcinoma and

large cell neuroendocrine carcinoma.

Metastatic Tumors to the Trachea

Secondary involvement of the trachea mostly occurs as direct invasion from adjacent organs, such as the

larynx, thyroid (Figures 3-35, 3-36, 3-37 [Color Plate 5]), esophagus, or mediastinal structures, and is

rarely due to metastasis (Figure 3-38 [Color Plate 5]). This is in contrast to the bronchial tree, which

more commonly receives metastases from distant primaries. All published tracheal metastases consist of

carcinomas and melanomas, and no sarcoma has been reported, although the latter has been recognized

as a form of bronchial metastasis.

Table 3-1 shows the demographic data and types of the 14 published cases of tracheal metas-

tasis.21,22,61–71, Carcinomas of the breast and colon and cutaneous melanoma were the most common
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Table 3-1 Reported Cases of Metastases to the Trachea

Reference Primary Primary Time Interval Metastases to

Number Date Age Sex Tumor Site Tumor Type to Metastasis Other Sites

61 1954 41 M Colon Adenocarcinoma 6 years None

62 1965 35 F Colon Adenocarcinoma 3 years ?Lung, ?Liver

63 1974 35 F Breast Medullary carcinoma 5 years Lung

22 1975 62 F Endometrium Adenoacanthoma 11 years Lung

64 1978 61 M Kidney Renal cell carcinoma 6 years Femur,

supraclavicular

and mediastinal

lymph nodes

65 1980 61 F Ovaries Bilateral papillary 7 years Pleura,

cystadenocarcinoma axillary 

lymph nodes

66 1980 57 F Breast Invasive ductal 6 years Lung

carcinoma

66 1980 50 F Breast Invasive ductal 12 years None

carcinoma

67 1981 28 M Skin Melanoma 2 years None

(shoulder)

68 1982 40 F Skin Melanoma 2 years Ribs, vertebral 

(upper arm) column

69 1987 41 M Nose Esthesioneuroblastoma 1 year None

70 1991 44 F Skin Melanoma 2 months Pharynx, axillary 

(breast) lymph nodes

21 1994 73 M Colon Adenocarcinoma 13 months Liver

71 2001 56 M Left lung Squamous cell 2 years Pulmonary hilar 

carcinoma lymph nodes
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metastatic tumors to the trachea. All patients had a history of primary cancer. Melanoma had the least

time interval from diagnosis of primary cancer to recognition of tracheal metastases, which was 

2 months in 1 of the cases and 2 years in 2 others.67,68,70 Concurrent or prior metastasis to the lung,

lymph nodes, or bone had been present in most patients.

Common symptoms at presentation were dyspnea, wheezing, cough, and hemoptysis. On bron-

choscopy, most of the tumors showed a polypoid growth into the lumen, which was pedunculated in a

minority of cases.69

Histologically, most of the tumors had a subepithelial location, some extending deep in the tracheal wall

and even surrounding soft tissue. The overlying epithelium was hyperplastic or ulcerated. No melanocytic

junctional activity was found in the overlying tracheal epithelium in melanoma cases, which was in keeping

with the metastatic nature of the tumors. The morphology was similar to primary cancer in all cases.

The fact that the primary tumor had been identified in all reported cases eases the differential diag-

nosis with primary tracheal tumors. Nevertheless, when dealing with primary malignant epithelial tumors

of the trachea, especially adenocarcinomas, a metastatic disease should be considered in the differential

diagnosis, particularly in cases in which sufficient clinical history is not provided.

The prognosis depends on a multitude of factors, including primary tumor site and type, tumor

stage, and respiratory function following tracheal luminal narrowing.
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3B MESENCHYMAL TUMORS OF THE TRACHEA

Mesenchymal neoplasms, also generally termed “soft tissue tumors,” affect the trachea like any other organ

or tissue of the body, because the trachea is surrounded by mesenchyme and has mesenchymal cells in its

wall and mucosa. These include fibroblasts in the lamina propria, smooth muscle cells in the posterior

membranous septum, and chondrocytes in the cartilage. Because of their rarity, mesenchymal lesions are

rarely suspected, and the supposition is that a tracheal tumor is epithelial until proven otherwise. The dis-

tinction between benign and malignant mesenchymal lesions is in general less distinct than in epithelial

lesions. In contrast to epithelial lesions, a greater proportion of mesenchymal lesions of the trachea are

benign, or are of such low-grade malignancy that metastasis is unusual. Even malignant lesions, by virtue

of their location and circumscription, are still generally amenable to resection and cure. Sampling problems

tend to be greater in mesenchymal than in epithelial lesions, so an initial small biopsy is often only a sign-

post to the final diagnosis established after resection of the specimen.

Lymphomas are rare in the trachea and are included in this section.

Fibroblastic and Fibrohistiocytic Tumors

Fibroblastic and fibrohistiocytic tumors are perhaps the least delineated and clarified area in tracheal tumor

pathology. Different names have been given to pathologically identical or very similar lesions, and different

histopathologies have been lumped under single names. The confusion between fibroma, fibromatosis, and

fibrosarcoma on the one hand, and between benign and malignant fibrous histiocytomas on the other,

exemplify this situation. Inflammatory pseudotumor has also been added. It is our belief that the patho-

logic entities in this group generally should be equated to these lesions in general mesenchymal tumor

pathology, unless meaningful data prove otherwise in the future.



Fibroma

Fibroma is found to be one of the most common benign tracheal tumors reported in the older literature,

but it is rarely reported in recent publications.1,2 We believe that most of the reported cases likely repre-

sented fibromatosis, low-grade fibrosarcoma, benign fibrous histiocytoma, inflammatory myofibroblastic

tumor (inflammatory pseudotumor), or granulation and reactive fibroblastic tissues. Tracheal lesions con-

sisting of fascicles of bland fibroblastic cells should be classified in one of the above-mentioned entities.

Fibromatosis

Fibromatosis, as proposed by Stout, consists of a broad group of benign fibrous proliferations of similar

microscopic appearance that are intermediate in their biological behavior between benign fibrous lesions

and fibrosarcoma.3 Like fibrosarcoma, they are characterized by infiltrative growth and a tendency

toward recurrence, but unlike this tumor, they never metastasize.4 Fibromatosis of the trachea is less

common than mediastinal fibromatosis invading the trachea. It probably represents most of the previ-

ously reported cases of “tracheal fibroma” and is more common in children.

This lesion usually presents as a subepithelial nodule, and is a benign proliferation of bland regular

fibroblasts arranged in short fascicles. The margins are infiltrative. The overlying epithelium may show

hyperplasia or squamous metaplasia.5

The major differential diagnosis is low-grade fibrosarcoma. Fibrosarcoma is usually more cellular,

contains long fascicles of more pleomorphic fibroblasts, and exhibits more mitotic activity. Benign fibrous

histiocytoma is distinguishable by the presence of histiocytes and inflammatory cells. Inflammatory

myofibroblastic tumor (inflammatory pseudotumor) is separated by the presence of inflammatory cells

and myofibroblastic differentiation in the proliferative cells.

Because of its infiltrative growth, tracheal fibromatosis commonly recurs after incomplete excision.

Prognosis is good after complete resection.

Fibrosarcoma

Very few cases of primary tracheal fibrosarcoma have been reported in the literature, and most have been

reported in children.6,7 It occurs as a neoplastic proliferation of fibroblasts, producing a mass lesion that pro-

trudes into the tracheal lumen. Histologically, tracheal fibrosarcoma consists of spindle cells with somewhat

atypical oval nuclei, arranged in long fascicles and in a herringbone pattern (Figure 3-39 [Color Plate 5]).

Mitotic figures are seen.

Differential diagnosis includes fibromatosis, benign and malignant fibrous histiocytomas, inflamma-

tory myofibroblastic tumor, and other spindle cell tumors.

Treatment is the same as for fibromatosis, which involves complete excision. Although primary tra-

cheal fibrosarcoma has the potential for metastasis, this did not occur in the few cases reported in the tra-

chea, and prognosis has generally been good.

Benign Fibrous Histiocytoma

This tumor usually presents as a polypoid mass, protruding into the tracheal lumen.

Microscopically, it consists of a poorly circumscribed proliferation of elongated fibroblastic and poly-

gonal histiocytic cells, intermixed with collagen fibers, with occasional multinucleated giant cells and dis-

persed lymphoid cells. A vague fascicular arrangement or a storiform pattern is often seen. Foam cells and

siderophages are less frequently present. Cellular pleomorphism is minimal, and mitotic figures are scant.

A few cases of benign fibrous histiocytoma have been reported in the literature, mostly in children

and young adults.8–10 Cases of this tumor are classified in some publications under the general term “fibrous
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histiocytoma” or “malignant fibrous histiocytoma,” partly because of its infiltrative nature and recurrence

after excision.

Differential diagnosis includes fibromatosis, inflammatory pseudotumor, neurofibroma, fibrosarco-

ma, and hemangiopericytoma. The distinction from malignant fibrous histiocytoma is often obvious, with

the latter showing marked cellular pleomorphism, high mitotic activity, and foci of necrosis.

Benign fibrous histiocytoma is infiltrative at the margins and may recur after incomplete excision.

The prognosis is good after proper excision.

Malignant Fibrous Histiocytoma

Very few cases of malignant fibrous histiocytoma (MFH) have been reported in the trachea. One case of

postirradiation MFH was reported to have occurred 11 years after radiotherapy to the neck for thyroid pap-

illary carcinoma.11 It involved almost the entire length of the tracheal wall, and caused death in about 3

months. A co-occurrence of tracheal MFH with thymic carcinoma, producing separate lesions in the medi-

astinum, has also been reported.12

Histology shows pleomorphic spindle cells arranged in storiform and fascicular patterns.

Pleomorphic giant cells are dispersed and inflammatory cells may be seen. Mitotic figures are fre-

quent and foci of necrosis may be present.

Differential diagnosis is mainly with other spindle cell sarcomas.

Muscle Tumors

Leiomyoma

Leiomyoma is a benign smooth muscle tumor that is far less common in the trachea than in bronchi and

lung parenchyma. Approximately 21 cases of solitary leiomyoma of the trachea have been reported in the

English and Japanese literatures. Multiple leiomyoma of the trachea, as well as other organs such as the

esophagus and female genital tract, is associated with Alport’s syndrome.13 A case of esophageal leiomy-

omatosis involving the trachea has also been reported.14

Biology. In one series of 16 patients, the tumors appeared approximately equally in males and females.15 The

age range was 15 to 72 years, with two-thirds of the patients being above 40 years. The mean age was 49 years

in another series of 20 cases.16

Pathology. More than one-half of the cases have been in the lower third of the trachea, and most have

involved the posterior wall, where smooth muscle is most abundant. The tumors have been measured between

1 and 2.5 cm. The tumors usually protrude into the lumen as a nodule (Figure 3-40 [Color Plate 5]). Two cases

were pedunculated.

Microscopically, leiomyoma consists of monomorphic spindle cells with blunt-ended nuclei,

arranged in interlacing fascicles and storiform patterns. Significant mitotic activity and necrosis are absent

(Figure 3-41 [Color Plate 6]).

Differential diagnosis includes leiomyosarcoma, as well as other spindle cell tumors such as heman-

giopericytoma and fibrous histiocytoma.

Leiomyosarcoma

This malignant smooth muscle tumor is also rare in the trachea, with only 18 cases reported in the liter-

ature so far. It produces an intraluminal mass, which was pedunculated in 2 cases.17,18 Most of the cases

in one series were in the upper third of the trachea.17



Microscopically, the tumor consists of interlacing fascicles of spindle cells that are similar to leiomy-

oma. Distinguishing features from leiomyoma are cellular anaplasia, sometimes with the presence of

uni- or multinucleated giant cells, high mitotic activity, and necrosis. The most helpful feature is the mitot-

ic rate, which is more than 1 to 2 per 10 high-power fields, although in most cases, it is more than that;

some believe it must be more than 5 per 10 high-power fields.17–19

Differential diagnosis includes other spindle cell sarcomas and sarcomatoid carcinomas.

Rhabdomyosarcoma

Rhabdomyosarcoma is a malignant mesenchymal neoplasm with differentiation toward skeletal muscle tissue. The

tumor is generally seen in children. Two cases of this tumor in the trachea have been published in the English-

language literature. One was in a 65-year-old man, with a polypoid mass in the tracheal lumen causing symp-

toms.20 Histologically, the mass was inner to the fibrocartilaginous layer and covered by overlying epithelium.

It consisted of anaplastic cells with large hyperchromatic nuclei, and abundant brightly eosinophilic cytoplasm,

some showing cross-striations. The tumor was classified as a pleomorphic rhabdomyosarcoma. The second

case occurred in a 12-year-old girl, also with an intratracheal polypoid mass. Histologically, this mass consist-

ed of rather small, round, and spindled hyperchromatic cells, and was diagnosed as an embryonal rhab-

domyosarcoma.21 More common is the mediastinal rhabdomyosarcoma with pressure on the trachea.22

Lipomatous Tumors

Lipoma-Liposarcoma

Lipoma is a benign mesenchymal neoplasm of fat and is most common in the subcutis. In the usual type,

it resembles mature fat, surrounded by a delicate capsule. It is exceedingly rare in the trachea, with only

approximately 10 cases reported in the literature. Lipomas produce a polypoid mass covered by respirato-

ry epithelium. One of the reported cases did not produce any symptoms and was found on autopsy,23

whereas 2 other cases caused airway obstruction.23–25

Microscopically, tracheal lipomas are composed of lobules of mature adipocytes, separated by delicate

fibrous bands. One case of a well-differentiated liposarcoma in the trachea occurred in a 76-year-old man.26 It

produced a 1 cm polyp, which was histologically composed of mature adipocytes with foci of atypicality. Recur-

rence or metastasis did not occur in 12 months of follow-up. The current trend is to classify these tumors as

“atypical lipoma,” because although recurrence occurs, they do not metastasize.27 Since the recurrence rate is

higher in retroperitoneal tumors, some prefer the term “well-differentiated liposarcoma” in that location.

The major differential diagnosis is a hamartoma. In a hamartoma, fat tissue may be prominent, but

the presence of cartilage and epithelium-lined clefts help to make the diagnosis.

Cartilaginous Tumors

Chondroma

Chondroma is a benign tumor composed of cartilage and can rarely arise in the trachea. Approximately

10 cases of chondroma are reported in the trachea.28,29 Grossly, it forms a hard bosselated mass protrud-

ing into the lumen.

Microscopically, it is a relatively hypocellular tumor, composed of chondrocytes that sit in lacunae of

hyaline cartilage. The chondrocytes may be somewhat hyperchromatic and pleomorphic. Binucleation is

exceptional. Foci of ossification may be seen. Differential diagnosis includes, most importantly, chon-

drosarcoma, as well as hamartoma and tracheopathia osteoplastica. Hamartomas are predominantly com-

posed of hyaline cartilage, but presence of fat, occasional smooth muscle fibers, and epithelium-lined clefts

occur. Tracheopathia osteoplastica is multiple and usually distinguishable on bronchoscopy.

Pathology of Tracheal Tumors 89



90 Surgery of the Trachea and Bronchi

Chondroblastoma

Chondroblastoma is a benign tumor of bone and rarely of soft tissue. It usually affects patients in the second

decade of life. We have seen 1 case of chondroblastoma occurring in the trachea. To our knowledge, there is

no comparable case in the literature.

Our patient was a 20-year-old male with a soft and friable, tan-yellow mass, protruding and partial-

ly obstructing the lumen. Grossly, there was hemorrhage and calcification in the tumor (Figure 3-42 [Color

Plate 6]). Microscopically, the tumor was mainly in the submucosa. There was focal erosion of cartilage as

well as extension to peritracheal adventitia. Sheets of mononuclear cells with the features of chondroblasts

were present, including round or oval nuclei and pale eosinophilic cytoplasm. Nuclear grooves were seen

in some cells (Figures 3-43, 3-44 [Color Plate 6]).

Occasional multinucleated giant cells were present. A chondroid matrix and mature cartilage were

seen. The overlying epithelium showed reactive squamous metaplasia. The tumor was completely excised

and did not recur, which is also usually the case with skeletal chondroblastomas.

Chondrosarcoma

Chondrosarcoma, the malignant counterpart of chondroma, is also rare in the trachea, with only 11 cases

reported in the literature.29,30 The age range of the patients was 32 to 87 years with an average of 65 years.

The male to female ratio was 8:1.30 Similar to chondroma, chondrosarcoma produces a hard intraluminal

projection, which may be pedunculated. Tracheal obstruction may occur.

Microscopically, the tumor consists of cells with hyperchromatic and sometimes pleomorphic nuclei,

and occasionally binucleated cells, some containing prominent nucleoli. The cellularity is increased com-

pared to that of chondroma. The matrix is chondroid and may contain areas of myxoid change. Because

mitoses are few and inconsistent, one cannot rely on mitotic activity to separate benign and malignant car-

tilaginous tumors in the same way as one does for the differentiation of benign from malignant smooth

muscle tumors.

The major differential diagnosis is chondroma, which is often not an easy distinction. The criteria for

malignancy are given above, but since chondrosarcomas of the larynx and trachea are usually low-grade

and slow-growing, the cytologic changes may be subtle. Malignant nature of the tumor has been deter-

mined only after recurrence in some published cases. Some propose the term “cartilaginous tumor” for

both chondroma and chondrosarcoma of this site because of the difficulty in separation. The treatment of

both tumors is the same; that is, excision. After resectional surgery, chondromas and chondrosarcomas

infrequently recur.

Vascular Tumors

Hemangioma

Capillary hemangioma affects the larynx and trachea of children far more commonly than it does adults,

and because of the narrower airway lumen in this younger age group, it becomes symptomatic early in

growth and causes obstructive symptoms such as stridor and dyspnea.31 Most of the cases are well circum-

scribed, but some diffusely infiltrate the wall and cause narrowing over a segment, or grow into adjacent

mediastinal tissues.32 Conversely, a few cases of mediastinal hemangioma have been reported with infiltra-

tive growth through the tracheal wall into the lumen.33 Also published are cases of mediastinal and cervi-

cal hemangioma with compression of, but not infiltration into the trachea, causing symptoms.34,35

Histologically, capillary hemangiomas consist of closely packed capillary-sized blood vessels with

marked endothelial proliferation, often with recognizable lobular architecture.



A major differential diagnosis is granulation tissue, which represents reparative and inflamed con-

nective tissue rich in capillaries, formed in response to trauma or endotracheal intubation.36 The distinc-

tion can be made by the presence of lobularity in hemangiomas, the absence of inflammation in deep areas

in hemangiomas, and a history of trauma or endotracheal intubation in cases with granulation tissue.

Recurrence has been reported after incomplete excision.33

Kaposi’s Sarcoma

Kaposi’s sarcoma is a malignant vascular tumor seen in immunocompromised patients, particularly those affect-

ed with human immunodeficiency virus (HIV). When the trachea is involved, it is often in a disseminated form

of disease with involvement of other sites such as bronchi, the larynx, palate, or distant organs like the skin.37,38

Biology. Predisposition to multifocal Kaposi’s sarcoma may also develop in drug-induced immunosup-

pression, as occurred in the trachea and bronchi of a lung transplant patient receiving immunosuppressive

therapy.39 It is rarely seen in patients without immunosuppression.40 Solitary lesions in the trachea have

also been reported.2 Hemorrhage into the trachea may dominate the clinical presentation.

Pathology. The endoscopic appearance may be suspicious for diagnosis without biopsy. Histologically,

Kaposi’s sarcoma is composed of proliferating spindle cells with slit-like vascular channels, extravasated red

blood cells, and inflammatory cells. Cytoplasmic hyaline bodies may be seen in the cytoplasm of the malignant

cells. Ectatic blood vessels may be seen in the surrounding tissue (Figures 3-45, 3-46, 3-47 [Color Plate 6]).

Differential diagnosis includes principally granulation tissue and spindle cell sarcomas.

Hemangiopericytoma

Hemangiopericytoma is a tumor of vascular pericytes, 4 cases of which have been reported in the trachea.

Hemangiopericytoma is a potentially malignant tumor and its clinical behavior is not always possible to

predict from morphology alone.

Microscopically, the tumor consists of closely-packed round to oval cells with scant cytoplasm,

arranged around thin-walled “staghorn” blood vessels (Figure 3-48 [Color Plate 6]). A mitotic rate of gen-

erally more than 4 per 10 high-power fields is one indicator of malignant behavior, as was present in a pub-

lished case, which recurred after primary excision, with massive infiltration of peritracheal cervical and

mediastinal soft tissues.41 Of the 4 cases reported, 2 had aggressive behavior and recurrence, so clinical 

follow-up is important.

One case of hemangiopericytoma arising in the mediastinum and compressing the trachea, and

another case arising in the thyroid gland with invasion of the larynx, have been reported.42

Nerve Sheath Tumors

This category of tumors includes neurofibroma, schwannoma, and malignant peripheral nerve sheath

tumor. These tumors are among the common tumors in the mediastinum, especially the posterior com-

partment. They may cause a pressure effect on mediastinal structures including the trachea. Neurofibro-

mas and schwannomas are infrequent as endotracheal tumors. No case of malignant peripheral nerve

sheath tumor has been reported in the trachea, but tracheal involvement has occurred in this tumor origi-

nating from the vagus nerve.43

Neurofibroma

Neurofibroma is a benign tumor of Schwann cell origin and fibroblasts. The axons present within the

tumor are continuous with adjacent nerves.
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Biology. Neurofibromas may occur as a solitary tumor in the trachea, or as part of von Recklinghausen’s

neurofibromatosis.44 The two conditions occur with approximately equal frequency.45 One case was report-

ed as multiple neurofibromas of the trachea, bronchi, and esophageal wall.46 The presence of multiple neu-

rofibromas suggests von Recklinghausen’s neurofibromatosis.

Pathology. Grossly, the tumor presents as an intraluminal polypoid mass, which is sessile or 

pedunculated.

Microscopically, the tumor consists of slender spindle cells, sometimes showing wavy nuclei, admixed

with fibroblasts in a haphazard fashion. Neurofibromas may be cellular or contain myxoid areas. Mitotic

activity is not present. The tumor margins are often ill defined. Differential diagnosis includes schwanno-

ma, fibrous histiocytoma, and other spindle cell tumors.

Schwannoma (Neurilemoma)

Shwannoma is another tumor of Schwann cell origin with rare occurrence in the trachea.

Biology. Unlike neurofibromas, schwannomas occur as solitary lesions in the trachea, and are not associ-

ated with von Recklinghausen’s neurofibromatosis. In a series of 12 patients, the age range was 6 to 71 years,

with almost equal occurrence in males and females.47

Pathology. Schwannomas occur most frequently in the lower third of the trachea, followed by the upper

and middle thirds.47,48

Grossly, schwannomas are encapsulated tumors which may be pedunculated or sessile, and in rare

cases, are dumbbell-shaped with an extratracheal component (Figure 3-49 [Color Plate 7]). Schwannomas

of the vagus nerve, although extratracheal, may involve the trachea.49

Microscopically, schwannoma consists of interlacing fascicles of spindle cells with hypercellular

(Antoni type A) and hypocellular (Antoni type B) areas (Figures 3-50 [Color Plate 7]). Nuclear palisade

(Verocay bodies) may be seen in hypercellular regions (Figures 3-51 [Color Plate 7]). Bizarre degenerative

cells may develop as the tumor ages in a phenomenon termed “ancient schwannoma”.

Differential diagnosis includes neurofibroma, fibrosarcoma, fibrous histiocytoma, and other spindle

cell tumors. Malignant schwannoma occurs (Figure 3-52 [Color Plate 7]).

Granular Cell Tumor

Granular cell tumor is a tumor of Schwann cell origin and commonly occurs in the tongue, but it has also

occurred throughout the body. The trachea is less commonly involved than the larynx and bronchi.

Approximately 40 cases have been reported in the trachea.

Biology. In the largest published review of this tumor in the trachea, which comprised 30 cases, there was

a female to male ratio of 6.5:1.50 Blacks were more commonly affected than whites. The age range was

between 6 and 56 years with a peak incidence in the fourth decade. In another published series of tracheal

tumors in children, granular cell tumor followed after hemangioma as one of the most common benign

tumors in this age group.51

Pathology. The tumor size is usually between 0.5 to 6 cm (Figure 3-53 [Color Plate 7]). The majority arise

from the cervical trachea.50 Twenty percent of the cases were multiple. Although most of the tumors (73%)

were intraluminal lesions, 17% of cases grew extraluminally into surrounding tissues. This extraluminal



growth and potential to penetrate adjacent tissues or organs can cause diagnostic problems, with the tumor

presenting as a neck mass, or thyroid or parathyroid nodule.52–54

Microscopically, the tumor consists of round, oval, or polyhedral cells with granular eosinophilic

cytoplasm, and small and rather central nuclei, occasionally with conspicuous nucleoli (Figure 3-54 [Color

Plate 7]). The cytoplasmic granules stain for PAS antigen and neuron specific enolase.

Squamous metaplasia with pseudoepitheliomatous hyperplasia is seen in the overlying epithelium.

The cytoplasmic granules have characteristic features on electron microscopy. These are membrane-bound

granules, also called “secondary lysosomes,” the larger ones having a lamellated structure and the smaller

ones a granular content. Malignant granular cell tumors are extremely rare, not exceeding 1 to 2% of all

granular cell tumors. They have pleomorphic nuclei with increased mitotic activity and foci of necrosis.

Only 1 case has been reported near the trachea, and that was in the retrotracheal space with multiple nod-

ules in both lungs (presumably metastases).

Differential diagnosis includes oncocytoma, and neoplasms with oncocytic (Hurthle cell) change,

oncocytic carcinoid tumors, and metastatic carcinomas with oncocytic change. The positive S-100 stain-

ing, negative neuroendocrine and keratin markers distinguish this tumor from carcinoid tumors and

carcinomas.

Hurthle cell variants of thyroid adenomas and oncocytomas are important because cases of extra-

luminal growth may present as thyroid nodules. In fine needle aspiration of such a thyroid nodule, the cells

contain large, granular eosinophilic cytoplasm resembling Hurthle cells, and may cause misinterpreta-

tion.53 The distinction is by electron microscopy, which shows secondary lysosome rather than 

mitochondria of Hurthle cells. In malacoplakia, the cells are PAS negative with occasional Michaelis-

Gutmann bodies.

Synovial Sarcoma

Synovial sarcoma is primarily a sarcoma of the extremities. It has been reported in the head and neck region

on rare occasion and can occur in the pleura and the lung.55 Only 1 case of this tumor has been reported

in the trachea.56 The patient was a 20-year-old asthmatic white male, who had worsening of respiratory

symptoms necessitating bronchoscopy. On bronchoscopy, a smooth pale intratracheal mass was seen. Gross

examination of the resected specimen showed extension to paratracheal tissue without fat invasion. The

tumor was well circumscribed. No lymph node metastases were detected.

Microscopically, the tumor had a biphasic growth pattern, composed mostly of monomorphic spin-

dle cells, but it also showed numerous foci of cuboidal cells forming pseudoglandular clusters. Immuno-

histochemistry showed vimentin positivity in the spindle cells and low molecular weight cytokeratin and

carcinoembryonic antigen positivity in the epithelial component.

Differential diagnosis is mainly with spindle cell tumors, most of which are separated by the lack of

a biphasic pattern. Even if this aspect is not evident on routine histology of synovial sarcomas, it could be

highlighted by immunohistochemical studies, as described in this case. The biphasic epithelioid-spindle cell

tumors are generally in the differential diagnosis of synovial sarcoma. Within this category in pulmonary

pathology, are mixed mesotheliomas, which must be distinguished from primary synovial sarcoma of the

pleura, a tumor more recently demonstrated in this location. Sarcomatoid carcinoma of the lung and pul-

monary blastoma are also in this category and must be separated from primary or metastatic synovial sar-

coma. However, the mentioned biphasic tumors are not reported in tracheae.

Hamartoma

Hamartoma, also called “cartilaginous hamartoma,” or less often “benign mesenchymoma,” is one of the com-

mon benign tumors of the lung, occurring mostly in lung parenchyma, with a minority occurring as bronchial
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lesions. Approximately 10 cases have been reported in the trachea, including cases in adults and children.57 Most

of the cases had a polypoid appearance on endoscopy, causing obstruction of the lumen. One extraluminal

hamartoma in a child presented as a neck mass attached to the trachea.58 Two cases were associated with pul-

monary hamartomas, one with a similar lesion in lung parenchyma, and the other with multiple tumors in

bronchi and lung parenchyma.59,60

Microscopically, hamartomas consist of lobules of mature hyaline cartilage and other mesenchymal

elements, including undifferentiated mesenchymal tissue, fat, smooth muscle, with entrapped epithelium-

lined clefts. The major differential diagnoses are chondroma and tracheopathia osteoplastica. Chondroma,

by definition, does not contain mesenchymal elements other than cartilage, and does not have epithelial

elements. Tracheopathia osteoplastica usually produces multiple nodules, which carpet the mucosa and

consist of columns of bone and cartilage forming struts internal to the tracheal rings. Mediastinal teratoma

should be considered in the differential diagnosis of extraluminal tracheal hamartomas.

Paraganglioma (Chemodectoma)

Paraganglioma is a potentially malignant, usually low-grade tumor of the extra-adrenal paraganglia. Only

7 cases have been reported as primary in the trachea.61,62 It is characterized by organoid nests of epithelioid

cells (zellballen pattern) separated by delicate vascularized connective tissue. The cells contain round or

oval vesicular or hyperchromatic nuclei and light eosinophilic cytoplasms that are sometimes vacuolated.

Neurosecretory granules are demonstrable in the cytoplasm by electron microscopy.

Differential diagnosis includes carcinoid and glomus tumors. Carcinoid tumors show an organoid pat-

tern with high vascularity, but usually also show other features like a trabecular pattern, pseudoglandular

acini, and stippled nuclei. Keratin immunostain is positive in the majority of carcinoid tumors, but negative

in paragangliomas. Positivity for neuroendocrine markers on immunohistochemistry, and neurosecretory

granules on electron microscopy, are not helpful since paraganglioma shares these features with carcinoid

tumor. Glomus tumor is another tumor to distinguish from paraganglioma, again because of its nesting 

pattern and vascularity. The differential point lies mainly on smooth muscle features in glomus cells.

The prognosis for tracheal paragangliomas has been reported to be good, with no case of recurrence

reported after surgical excision.

Two cases of thyroid paraganglioma have been reported as behaving in an invasive manner, with sec-

ondary involvement of the trachea.42,63 A paraganglioma arising in the superior mediastinum between the

trachea and left subclavian artery, displacing these structures and extending upward to the neck, has also

been reported.62

Glomus Tumor

This benign neoplasm, which primarily affects the skin, is rare in the trachea. There are approximately 14

cases reported in the literature, and we have encountered a case at Massachusetts General Hospital. The

patients were in their fourth to seventh decades of life, and most were men. The tumor usually produces a

polypoid mass, protruding into the lumen, and causes partial obstruction.

Histologically, and similar to other sites, the tumor shows nests of round monotonous cells with bland

central nuclei and amphophilic or lightly eosinophilic cytoplasms, separated by ectatic thin-walled vascular

channels (hence the synonymous term “glomangioma”) (Figures 3-55, 3-56 [Color Plate 7]). The tumor cells,

in some cases, form solid sheets with inconspicuous vascular channels and little stroma. The stroma is some-

times prominent with hyaline character, in which the tumor cells are embedded. One case of an oncocytic 

glomus tumor showing intensely eosinophilic cytoplasm has been reported.64 The glomus cells, which are

believed to be modified smooth muscle cells of the glomus body, are positive for desmin and smooth muscle

actin immunohistochemically. Ultrastructural features include numerous pinocytotic vesicles, intracytoplasmic

bundles of myofibrils, and focal electron dense bodies.65



The major differential diagnosis is carcinoid tumor, to which the cytology and architecture may have

close resemblance.66 The distinguishing features are the presence of neuroendocrine differentiation in car-

cinoid tumor, and the absence of smooth muscle differentiation on immunohistochemical and electron

microscopic examinations. The behavior is benign, with no recurrence reported in the literature. The glo-

mus tumor that we saw recurred 3 years after initial surgery.

Lymphomas

Lymphomas are exceedingly rare as primary tumors of the trachea. Somewhat more common is secondary

involvement by a nodal lymphoma.

Non-Hodgkin’s Lymphoma

Most of the cases of non-Hodgkin’s lymphoma are secondary involvement by a nodal lymphoma. In the major-

ity of these cases, neoplastic lymphoid tissue from peritracheal lymph nodes infiltrates the tracheal wall, caus-

ing stenosis of the tracheal lumen. Less frequently, non-Hodgkin’s lymphoma may arise in the trachea. Exclud-

ing plasmacytomas, only about 10 cases of primary tracheal non-Hodgkin’s lymphoma have been reported.67

A few cases of direct invasion from adjacent structures such as the thyroid or thymus are also reported.68 

Biology. Both primary and secondary tracheobronchial lymphomas occur in both genders, generally in

the sixth and seventh decades.67,69 

Pathology. Grossly, tumoral tissue may infiltrate the wall, causing narrowing and stenosis of the

lumen, or protrude into the lumen as a polypoid mass.67,69 A homogeneous, pale-tan, and fleshy sur-

face is seen on cut section (Figure 3-57 [Color Plate 8]).

Microscopic appearance shows sheets of round or oval lymphoid cells, the details of which depend

on the lymphoma type. In both secondary and primary lymphomas, low-grade lymphomas outnumber

others. In primary lymphomas, low-grade B-cell lymphoma of mucosa associated lymphoid tissue

(MALT), small lymphocytic lymphoma, lymphoplasmacytic lymphoma, and plasmacytoma have been

reported. The changes in classification of non-Hodgkin’s lymphomas, and increasing diagnostic accuracy

with the advent of immunohistochemical and molecular genetic techniques, have affected the diagnosis

and categorization of lymphoma cases. Some of these cases may have been categorized under “undifferen-

tiated carcinoma” or “pseudolymphoma” in the past.

Major differential diagnoses include Hodgkin’s lymphoma, small cell carcinoma, undifferentiated

carcinoma, and benign exuberant lymphoid proliferation (the so-called “pseudolymphoma”).

The frequency of progression of primary tracheal lymphoma to systemic lymphoma is not estab-

lished. In the absence of systemic lymphoma, cases can be treated by surgery or by radiation.

Hodgkin’s Lymphoma

Hodgkin’s lymphomas occur in the trachea (Figure 3-58 [Color Plate 8]) mostly through direct extension of

adjacent peritracheal lymph nodes, involved by the tumor, either at first presentation or in recurrence.70,71

Many of the reported cases are in children. Tracheal involvement by a thymic Hodgkin’s lymphoma has also

been reported.72
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There are certain infectious, inflammatory, or reactive processes that can cause various degrees of tracheal

lumen obstruction by focal nodular or polypoid protrusion into the lumen, or more extensive tracheal wall

thickening and luminal narrowing. Infections such as tuberculosis and histoplasmosis, inflammatory lesions

such as sarcoidosis, and reactive processes such as post-traumatic granulation tissue formation and fibrosis

are amongst these conditions. Herein, we address several of these lesions that merit special consideration on

histopathological grounds, and because they are more likely to be mistaken for tracheal tumors on endoscopy.

Inflammatory Myofibroblastic Tumor (Inflammatory Pseudotumor)

Inflammatory myofibroblastic tumor, also called “inflammatory pseudotumor,” “plasma cell granuloma,”

and a battery of other names, is a pseudosarcomatous proliferation of myofibroblastic cells forming a mass

lesion. The most common site is the lung, but cases in many other organs including skin, soft tissues, and

gastrointestinal tract have been reported. Various etiologies such as inflammatory stimuli and trauma have

been proposed, but current data suggest a benign neoplastic process in the lung and in many other

organs.1,2 This differs from myofibroblastic proliferation of the genitourinary tract, which is believed to be

reactive and non-neoplastic.3 Although these lesions in the trachea may be neoplastic, like pulmonary

inflammatory myofibroblastic tumors, the exact nature remains to be clarified.

Biology. Inflammatory pseudotumor of the trachea has been reported in all ages, from infancy and child-

hood to late adulthood.4–7 It affects both men and women.

Pathology. Inflammatory myofibroblastic tumor typically produces a rather circumscribed polypoid

mass in the trachea, which can be sessile or pedunculated.3
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Microscopically, the lesion is located in the tracheal wall and is covered by reactive or ulcerated

epithelium. It consists of proliferated spindle cells arranged more or less in fascicular pattern. These cells

contain regular nuclei with open chromatin and minimal pleomorphism. Mitotic figures are not abun-

dant. A variety of inflammatory cells, including lymphocytes, plasma cells, histiocytes, neutrophils, and

eosinophils, are infiltrated. Foci of myxoid change may be present. Necrosis does not occur.

Differential diagnosis includes a number of benign and malignant soft tissue tumors such as fibro-

matosis, benign fibrous histiocytoma, fibrosarcoma, leiomyoma, leiomyosarcoma, neurogenic tumors,

hemangiopericytoma, or less frequently, other spindle cell tumors. As the designation “pseudosarcoma-

tous” implies, the histology may closely resemble spindle cell sarcomas. The weak or focally positive

immunohistochemical staining for desmin and smooth muscle actin, which is due to myofibroblastic dif-

ferentiation, distinguishes this lesion from fibromatosis, fibrous histiocytoma, fibrosarcoma, and heman-

giopericytoma, all of which lack these markers. The positivity for desmin and smooth muscle actin is much

stronger in smooth muscle tumors.

The negative immunostain for S-100 antigen helps in differentiation from neurogenic tumors, which

are positive for this marker. Although malignant fibrous histiocytoma is generally among the differential

diagnoses, the absence of marked pleomorphism, high mitotic activity, and necrosis rules out this tumor

and other high-grade sarcomas.

Intratracheal Thyroid

Although total thyroid ectopia is an extremely rare anomaly, ectopic thyroid tissue has been reported in

different organs with the normal thyroid gland in place as well. These include lingual, sublingual, thyro-

glossal, laryngeal, tracheal, mediastinal, and diaphragmatic sites. Although more than 100 cases were

published in Europe, mostly from Germany, only about 25 cases have been reported in the English-

language literature.8

Biology. In a review of 23 cases, the patients ranged in age from newborn to 56 years, with a mean of

28.3 years, but most were young adults.9 Females outnumbered males in a ratio of 3.8:1. Clinical pre-

sentation varied from asymptomatic cases found on autopsy, to symptoms such as cough, wheezing,

stridor, and dyspnea. Symptoms worsened in 3 patients during pregnancy, 1 of them also with

menses.9,10 Another patient had increasing wheezing during labor and died postpartum because she had

been treated for asthma and was not suspected to have an intratracheal mass.10 Increased dyspnea was

noted in a girl with menarche. These have led some to suggest hormonal stimulation as a basis for

ectopic tissue enlargement during phases of altered female sex hormone production. Several theories

have been proposed to explain aberrant location of thyroid tissue including “malformation” and

“ingrowth ” theories.11

Pathology. Grossly, most of the cases are single or multiple nodules or plaques in the tracheal wall, often

visible endoscopically as submucosal masses. These usually measure 1 to 3 cm in dimension but may be as

large as 5 cm.12 The most common location is the posterolateral wall of the upper trachea.

Microscopically, this condition often consists of normal thyroid tissue with follicles and intervening

stroma. Goiterous enlargement has been observed in some cases, with an associated thyroid gland goiter in

75% of cases.13 Connection to the thyroid gland with a strand of thyroid tissue has been seen in some cases.

Malignant change may occur in the intratracheal thyroid, and poses a diagnostic problem to the

pathologist as to whether the lesion has arisen from intratracheal thyroid or represents invasion by thyroid

gland carcinoma. Much more common is direct invasion of papillary carcinoma of the thyroid, usually

through the tracheal anterolateral wall directly into the tracheal lumen, where it may cause obstruction.
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The area of penetration is between the cartilaginous plates, where blood vessels, lymphatics, and nerves

course perpendicular to the tracheal lumen.14 Biopsy of such tumors may show the characteristic features

of papillary carcinoma of the thyroid, for example, nuclear grooves, nuclear overlap with molding, and

intranuclear pseudoinclusions. Because of the possibility of surgical resection of a papillary carcinoma

invading the trachea in the absence of distant metastases, a staging system has been devised (see Chapter 8,

“Secondary Tracheal Neoplasms”).14

Amyloidosis

Amyloidosis may involve any site in the upper or lower respiratory tract, the larynx being the most com-

mon site. It may also affect the esophagus and mediastinal nodes, or produce mass lesions in the neck. Tra-

cheal involvement may occur as part of a generalized amyloidosis, whether primary or secondary, or in a

localized form, which itself can be primary or secondary to plasmacytoma.

Biology. The primary localized form affects adults, and only exceptional cases are reported in children.15

The other forms follow the age distribution of generalized amyloidosis and solitary tracheal plasmacy-

tomas. Tracheal obstruction may occur in severe forms and the obstruction may lead to infections and res-

piratory failure. Bleeding, although not frequent, may be massive and even fatal, as occurred in a patient

with laryngeal amyloidosis.16 The bleeding problem is probably related to blood vessels, which themselves

may have amyloid in their walls and may not constrict normally.

Pathology. Gross appearance, as seen on bronchoscopy, varies from diffusely heaped up edematous

mucosa to single or multiple nodules protruding into the lumen. Macroscopically, tracheal amyloidosis has

a firm grey, waxy cut surface (Figure 3-59 [Color Plate 8]).

Microscopically, nodules of amorphous, lightly eosinophilic material are deposited in the mucosa

(Figure 3-60 [Color Plate 8]) and large deposits may erode into cartilage. Scant chronic inflammation and

fibrosis may be present. Vascular amyloidosis may be noted. Where amyloid extends deeply, it may involve

the mucosal glands, producing globules of eosinophilic material replacing the atrophic gland acini.

Cartilaginous change, calcification, and osseous metaplasia may occur. Foreign body giant cells and gran-

ulomas often surround the amyloid. In localized tracheal amyloidosis secondary to solitary plasmacytoma,

amyloid material usually comprises a minority of the tumoral tissue, but it may be even more extensive

than the neoplastic plasma cells.

Histochemical staining with Congo red shows apple-green birefringence under polarized light, which

confirms the diagnosis (Figure 3-61 [Color Plate 8]). Other stains such as methyl violet or thioflavin-T may

also be used. Electron microscopy shows the typical fibrillar structure of amyloid. Immunoglobulin light

chains were present and mixed with amyloid in one case. Bronchoscopic differential diagnoses include tra-

cheopathia osteoplastica, relapsing polychondritis, inflammatory lesions, and tumors.

With regard to histology, amyloid deposits may be replaced with cartilage and bone. It must be dis-

tinguished from other lesions with cartilage and bone, particularly tracheopathia osteoplastica, but also

from degenerative and reparative changes that can occur with tracheomalacia. Foreign body reaction to the

amyloid should not be mistaken for granulomatous diseases like tuberculosis and sarcoidosis.

Prognosis is generally good in primary localized forms, but the risk of bleeding exists. Laser treat-

ment or surgical excision may be necessary in obstructive lesions. Nodular tracheal amyloidosis may cause

obstruction, and postobstructive infection may develop. In diffuse tracheobronchial amyloidosis, post-

obstructive infection and respiratory failure may occur. In generalized amyloidosis, pulmonary involve-

ment with pulmonary hypertension, cardiac involvement with arrhythmias and failure, or other complica-

tions may complicate the clinical course.



Rheumatoid Nodule

A case of tracheal rheumatoid nodules in a 45-year-old Chinese man has been reported.17 The patient had

suffered rheumatoid arthritis for 7 years, with articular manifestations and deformities. Subcutaneous

rheumatoid nodules had been present over his elbows and hands.

Endoscopy showed four smooth, whitish nodules, each 3 to 5 mm in diameter. Further specification

was not possible on endoscopic findings. Histologic examination showed foci of necrobiosis and vascular

fibrinoid necrosis in the vessels surrounded by palisading histiocytes.

Among the histologic differential diagnoses are necrotizing granulomatous diseases such as tubercu-

losis and histoplasmosis. Amyloid deposits must also be separated from central necrobiosis of this lesion,

which may have a similar eosinophilic patternless aspect. Amyloid material, however, is more homoge-

neous, and stains with Congo red and other special histochemical stains.

Tracheopathia Osteoplastica

Tracheopathia osteoplastica, also known as “tracheobronchopathia osteochondroplastica,” is an infrequent

disease of the trachea and major bronchi. It produces multiple osseous and cartilaginous projections into

the airway lumen.

Biology. The disease affects an age range from 12 to 72 years, with the peak being in the fifth and sixth

decades. No gender predominance has been present. Familial occurrence is exceptional but is reported in a

mother and daughter.18 Various theories have been proposed to explain the pathogenesis of this disease,

including the outgrowth of normal cartilaginous rings causing ecchondrosis and exostosis, and abnormal-

ities in tracheal elastic tissue causing metaplastic cartilage and bone formation.19,20 More recently, chronic

infection, chemical or mechanical irritation, metabolic abnormalities, and genetic predisposition have been

postulated, but the exact cause is unknown.18,21 Although some earlier reports have associated this disease

with tracheobronchial amyloidosis, most patients lack amyloid deposits in airways.22,23 Many patients are

asymptomatic, especially early in the course and in localized forms. Symptomatic patients may have dysp-

nea, cough, wheezing, stridor, or hemoptysis. Postobstructive pneumonia may develop if significantly

symptomatic cases are not diagnosed early in their course.18

Pathology. Grossly, lesions are seen bronchoscopically as irregular whitish nodules carpeting the airway

lumen, producing a “rock garden” appearance (Figure 3-62 [Color Plate 8]). It is most prominent in the

lower two-thirds of the anterolateral tracheal wall and often extends to major bronchi.

Microscopically, cartilaginous and osseous submucosal nodules are seen, covered by a normal or meta-

plastic squamous epithelium (Figures 3-63, 3-64 [Color Plate 8]). Foci of calcification are sometimes seen.

Inflammation is usually absent or sparse, and surface ulceration is not extensive.

Differential diagnoses of bronchoscopic findings include papillomatosis and tumors (especially in local-

ized forms of tracheopathia osteoplastica), and infections such as tuberculosis, sarcoidosis, and others. Micro-

scopic differential diagnosis may include relapsing polychondritis. Osseous metaplasia has also been seen in

carcinomas, carcinoid tumors, and tuberculosis. Multinodular amyloidosis may simulate tracheopathia osteo-

plastica when it has secondary ossification, or it may be part of tracheopathia osteoplastica. The lack or scarci-

ty of inflammation in tracheopathia osteoplastica, and the continuity of a strutwork of osteocartilaginous nodules

inner to the tracheal cartilages, help in its differentiation from inflammatory lesions and post-traumatic ossifi-

cation. Prognosis is usually good, particularly in asymptomatic and localized lesions. Tracheoplasty or 

surgical resection may be required in extensive and obstructive lesions (see Chapter 14, “Infectious, Inflam-

matory, Infiltrative, Idiopathic, and Miscellaneous Tracheal Lesions” and Chapter 32, “Surgery for Tracheo-

malacia, Tracheopathia Osteopathica, Tracheal Compression, and Staged Reconstruction of the Trachea”).
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Normal Anatomy

Larynx

The larynx is divided into supraglottic, glottic, and subglottic parts, whereas the trachea is composed of the

cervical extrathoracic trachea and the mid and lower intrathoracic trachea.1,2 The supraglottic portion of

the larynx is constituted by the epiglottis, aryepiglottic folds, arytenoids, and false cords. The glottic portion

of the larynx is made up of the laryngeal ventricles and both vocal cords. The crescent-shaped laryngeal ven-

tricles are situated between the false and true cords as lateral invaginations of mucosa. The subglottic space

extends from the undersurface of the vocal cords to the inferior margin of the cricoid cartilage, which is also

the lower boundary of the larynx. This subglottic area is oval in shape and measures about 1.5 to 2 cm in

length (Figures 4-1 through 4-4).3–5

Trachea

The cervical trachea extends from the inferior margin of the cricoid cartilage to the thoracic inlet, and the

intrathoracic trachea extends from the thoracic inlet to the carina where it divides into the right and left

main bronchi.6,7 There are 14 to 22 (mean 17) C-shaped hyaline tracheal cartilage rings that support the

anterior and lateral tracheal walls. The cartilaginous portion of each tracheal ring forms a “C” with the

membranous portion found posteriorly, which is unsupported by cartilage. The first ring is partly recessed

into the broader ring of the cricoid cartilage. The cartilaginous rings are usually semicircular or horseshoe-

shaped and are the chief determinant of cross-sectional shape. Tracheal diameter grows from 3 to 4 mm in

infancy to about 20 mm in adulthood.8,9 The cervical trachea is subject to atmospheric pressure and the

intrathoracic trachea is subject to intrathoracic pressure that is equivalent to pleural pressure during quiet

breathing. During forced expiration or coughing, the intrathoracic pressure becomes greater than atmos-

pheric pressure, increasing the compressive transmural pressure that narrows the intrathoracic trachea.
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FIGURE 4-1 Normal laryngeal anatomy. Normal lateral view
of the neck demonstrates the epiglottis, aryepiglottic folds
(AEF), false vocal cords (FC), true cords (VC), and subglottic
space (asterisk).

FIGURE 4-2 Normal laryngeal anatomy. Anteroposterior
high-kilovoltage view of the larynx and trachea demonstrates
the aryepiglottic folds (AEF), false cords (FC), vocal cords
(VC), and subglottic space (lower asterisk). Upper asterisk =
laryngeal ventricle; plus sign = pyriform sinus.
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FIGURE 4-3 Normal laryngeal anatomy. A, Axial computed tomogra-
phy (CT) scan, at the upper third of larynx level, outlines the epiglottis
and aryepiglottic folds (AEF). B, Axial CT scan, at the vocal cord (VC)
level, defines the arytenoids, cricoid cartilage, and thyroid cartilage.

A B

FIGURE 4-4 Normal laryngeal anatomy. A, Normal lateral T1-weighted image of the larynx and cervical trachea illustrates the epiglottis,
preepiglottic fat space (asterisk), and subglottic space (plus sign). B, Coronal T1-weighted image of the larynx and cervical trachea depicts
the vocal cord (VC) and subglottic space (asterisk).

A B
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Coronal narrowing occurs due to inward bending of the cartilaginous rings, and sagittal narrowing occurs

as a result of invagination of the posterior membranous wall. Narrowing of the tracheal diameter up to

50% may be considered normal. Accentuated tracheal collapse may occur if there is abnormal flaccidity as

occurs in tracheomalacia.

Normal reflections of the trachea can be identified on chest radiographs.10,11 The right paratracheal stripe

(RPS) is a thin stripe formed by the reflection of the right upper lobe with the right tracheal wall, normally 

1 to 4 mm in thickness. Widening of the RPS is indicative of inherent tracheal wall disease or widening of the

paratracheal soft tissues or right mediastinal pleural reflection. Normally, the left tracheal wall is not discernible

because it has no contact with the left lung. The tracheoesophageal stripe (TES) is formed by the posterior tra-

cheal wall, the anterior wall of the esophagus, and interposed fat and connective tissues, and is seen only when

the esophagus contains air. The posterior tracheal band (PTB) is comprised of the posterior membranous wall

of the trachea, which is formed by the interface of air in the tracheal lumen and the aerated retrotracheal recess

of the right upper lobe. It is present only from the thoracic inlet to the carina, whereas the TES can be discerned

from the cervical and intrathoracic regions. The PTB and TES are seen on the lateral chest radiographs, in 80

to 90% of patients. They have a uniform width of 3 to 5 mm. A left-sided aortic arch will make an impression

on the left lower tracheal wall. A right-sided aortic arch will make a similar impression on the right lower tra-

cheal wall. The tracheal bifurcation is at the level of the fifth thoracic vertebra. The intrathoracic esophagus lies

slightly to the left and behind the trachea. The azygous vein may be seen as a horizontal soft tissue band, which

crosses posterior to the trachea toward the right tracheobronchial angle.

Imaging Technique

Radiography

Anteroposterior and Lateral Films of the Neck Including Cervical Trachea. Routine radiologic investigation

of the larynx and cervical trachea is composed of anteroposterior (AP) and lateral films of the neck (see Fig-

ures 4-1, 4-2) and oblique views of the trachea with the patient in a 45° to 60° rotation.12,13 The lateral view

of the neck is obtained with the head slightly hyperextended to bring the larynx and upper trachea up from

the retrosternal position. This lateral view provides useful information about the base of tongue, vallecular

area, thyroid and cricoid cartilages, intralaryngeal structures (including the epiglottis, aryepiglottic folds,

arytenoids, false cords, ventricles, true cords, and subglottic space), posterior pharyngeal wall, and precervi-

cal soft tissues. Diseases that arise or spread in the sagittal plane, including the anterior and posterior tra-

cheal wall, are readily visible. The frontal AP view of the larynx and trachea is obtained by using a high-

kilovoltage technique (120 kV) and placing a 1 mm copper filter in front of the x-ray tube.14 This view pro-

vides a survey of the entire airway from the hyoid bone to the tracheal bifurcation and main bronchi. This

technique enhances the air–soft tissue interface by obscuring bone shadows. The frontal projection aids in

lateralizing disease processes and supplements the lateral view. In cases of a suspected foreign body, a lateral

view during swallowing is added to distinguish a foreign body from the calcified cartilaginous structures of

the larynx, which move upward. This swallowing film also allows visualization of a foreign body in the upper

esophagus that has been obscured by the soft tissue structures of the superimposed shoulders. One to 2 cm

of the trachea and esophagus ascend out of the mediastinum during swallowing, depicting additional tra-

chea obscured by soft tissue of the thoracic inlet. As much as 2 to 3 cm of the trachea can move above the

suprasternal notch in hyperextension of the neck. This is age dependent and decreases progressively in older

patients, especially if they suffer from chronic obstructive pulmonary disease.

Radiography of the Intrathoracic Trachea. The chest radiograph is the traditional screening study of the

trachea. Posteroanterior (PA) and lateral views of the chest are routinely employed. The distal cervical and



intrathoracic portions of the trachea are visible on both views; however, overlying mediastinal and bony

structures often obscure intrathoracic tracheal abnormalities. Bilateral oblique chest radiographs rotate the

spine and mediastinal structures so that the trachea and carina are less obscured (Figure 4-5). High-

kilovoltage radiographic technique can improve the visualization of intrinsic airway lesions.6 Digital radi-

ography can improve the visibility of tracheal walls and mediastinal reflections by virtue of edge enhance-

ment techniques.7 Conventional tomography of the trachea is no longer routinely employed, having been

replaced by multidetector computed tomography (CT) scanning.15

Fluoroscopy

Fluoroscopy of the Larynx and Cervical Trachea. In order to assess the dynamics of the larynx and cervi-

cal trachea, fluoroscopy in the sitting position is indicated.12 It supplements all other radiologic studies of

the larynx and trachea, including CT scans. A thorough knowledge of the normal roentgenographic anato-

my of the larynx and of functional changes encountered during different phonation maneuvers is a pre-

requisite. Assessment of vocal cord motion is important in the staging of malignant tumors of the larynx.

Fixation of the vocal cords or paralysis of the cords from other causes (eg, thyroid carcinoma, lung cancer

with mediastinal extension, aortic aneurysm, or iatrogenic trauma) can be assessed easily with phonation

maneuvers such as “E” and inspiration. Opening of the ventricles can be accomplished by having the

patient phonate “E” during inspiration (reversed “E”). The aryepiglottic folds, true and false cords, and ven-

tricles are always symmetrical. The subglottic space is tubular in shape and is limited superiorly by the vocal

cords, which form a right angle with the lateral wall of the subglottic space. The lumen of the subglottic
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FIGURE 4-5 Tracheal adenoid cystic carcinoma. Posteroanterior (A) and oblique (B) views of the chest. A focal soft tissue mass is evident in
the midtrachea, superimposed on the thoracic spine on the posteroanterior view and better visualized on the oblique view.

A B



108 Surgery of the Trachea and Bronchi

space is well marginated, and is oval to round in shape. Asymmetry of the pyriform sinuses is a common

finding; however, the medial walls of the pyriform sinuses are usually symmetrical.

In the assessment of lesions of the larynx and cervical trachea, the following radiologic parameters

should be determined: 1) the location, extent, size, and density of the lesion; 2) definition of the margin,

presence of calcification, degree of airway compromise, cartilaginous abnormalities including destruction,

and invasion of contiguous structures; 3) distensibility of the pyriform sinuses and ventricles; 4) mobility

of the true and false cords; 5) displacement or tilt of the larynx; 6) extralaryngeal masses; 7) calcifications;

and 8) presence of an air-filled sac.

In the fluoroscopic study of the larynx, the air–soft tissue interface can be increased easily by mount-

ing a 1 mm copper filter on the tabletop in the field of the x-ray beam. This is especially useful in studying

the infant larynx in the frontal view, for assessment of the vocal cords and subglottic space with suspected

pathology in this region (eg, hemangioma, cyst, or subglottic stenosis). Simultaneously, spot films on the

cervical trachea with different degrees of rotation are taken to free the trachea from superimposed normal

anatomic structures at the thoracic inlet.

Fluoroscopy of the Trachea. The dynamic changes of the tracheal wall cannot be evaluated on static imaging.16

The nature and severity of tracheal caliber changes are best observed during real-time imaging, such

as fluoroscopy. Tracheal compliance can be evaluated by the Valsalva, modified Valsalva, and Müller

maneuvers and by coughing. During the Valsalva maneuver, the patient takes a deep inspiration and per-

forms forced expiration against a closed glottis. The modified Valsalva maneuver simulates the action of

blowing up a balloon. With both of these maneuvers, a weakness of the cervical trachea will manifest as a

bulge (eg, laryngocele or pharyngocele). The Müller maneuver is a sniff test that consists of a forceful inspi-

ration through the nose. With this maneuver, the pleural pressure becomes more negative than with nor-

mal inspirations, causing the intrathoracic trachea to widen more than with normal inspiration and the

cervical trachea to collapse to a greater degree. When there is obstruction of the cervical trachea, inspira-

tory collapse may occur during forced inspiration because the pressure around the cervical trachea exceeds

the intratracheal pressure. The exact opposite will occur in the intrathoracic trachea. During coughing or

forced expiration, the pressure outside the airways is greater than the pressure inside, resulting in a com-

pressive force to the intrathoracic trachea. As a result, expiratory collapse is commonly found in tracheo-

bronchomalacia and in peripheral obstructive airway diseases such as asthma, bronchitis, or bronchiolitis

(Figure 4-6).

Barium Esophagogram

The barium esophagogram is an important component of the work-up of congenital and acquired lesions

of the airway, due to the close anatomic association of the esophagus with the larynx, trachea, carina, and

main bronchi. The esophagogram is invaluable in providing a clue to a malignant laryngeal or tracheal

tumor and in identifying primary esophageal tumors that may secondarily invade the trachea. The pres-

ence, size, and course of a tracheoesophageal fistula can be established by an esophagogram.

Computed Tomography

CT scanning is the preferred technique for evaluating the larynx, trachea, and main bronchi.15,17,18 Helical

CT scanning has dramatically improved the quality of CT imaging of the airways by acquiring a volumet-

ric data set in a single breath-hold while using a short scanning time. In comparison, conventional CT scan-

ning uses a long scanning time and obtains individual axial scans during separate individual breath-holds.

As a result, a major advantage of helical scanning is reduced cardiac and respiratory motion. The quality of

two-dimensional (2-D) and three-dimensional (3-D) reformatted images are thus markedly improved. The



newest generation multidetector helical CT scanners employ multidetector arrays, which increase the speed

of scanning by factors of 4, 8, or 16, thereby decreasing motion artifacts and improving the image quality

of reformatted images. In addition, with multidetector helical CT imaging, high quality reconstructed
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FIGURE 4-6 Tracheomalacia. Lateral fluoroscopic images of the trachea during inspiration (A) and expiration (B), computed tomography
(CT) of the midtrachea on inspiration (C) and expiration (D), and two-dimensional reformatted sagittal CT images of the trachea on inspi-
ration (E) and expiration (F) demonstrate > 50% collapse in the anteroposterior diameter of the trachea, consistent with tracheomalacia.
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images can be obtained routinely without prospective planning or rescanning the patient. The ability to

create 2-D and 3-D reformatted images of the central airways overcomes the inherent limitations of axial

images, including the limited ability of detecting subtle stenoses, evaluating the accurate craniocaudad

extent of disease, visualizing obliquely oriented airways, and displaying the complex relationship of adja-

cent mediastinal structures (Figure 4-7A). Reformatted 2-D and 3-D images do not offer any new infor-

mation; rather, they provide a complementary way to view the same data sets.

Although the use of intravenous contrast is not necessary to assess the central airways, it is recom-

mended to evaluate adjacent mediastinal extent of tumor and adenopathy or to assess adjacent mediasti-

nal vascular structures or masses that may compress the airway. CT scanning of the airway is routinely

obtained at end-inspiration during a breath-hold. When assessing tracheomalacia, it is helpful to obtain

additional scan sequences at the same table levels during end-expiration.

Reconstruction methods that are used for airway imaging include 2-D multiplanar and 3-D internal

and external rendering techniques. 2-D images are the easiest to obtain because they can be generated at

the CT console, and 2-D reformations can be displayed in the coronal or sagittal planes, orthogonal to a

reference point or curved along the axis of the airway. 3-D reformations require the transfer of data to a

separate workstation, but 3-D images of the airway can be visible on external 3-D rendered images or on

internal renderings that create virtual bronchoscopic images of the central airways.

Magnetic Resonance Imaging

Magnetic resonance imaging (MRI) is another modality being used for the radiologic evaluation of the lar-

ynx and trachea.19 A major advantage of MRI over CT is the acquisition of coronal, oblique, and sagittal

sections that demonstrate long segments or the entire length of the trachea (Figure 4-7B). With MRI, it is

possible to visualize the laryngeal and tracheal structures with great detail in transverse, sagittal, and coro-

nal planes.3,20 Normal anatomic structures can be differentiated on the basis of different signal intensities

on T1-weighted sequences. A bright signal is elicited by fat, hyaline cartilage, submucosal fascial planes

FIGURE 4-7 Adenoid cystic carcinoma. A, Two-dimensional reformatted com-
puted tomography image of the distal trachea and carina demonstrates a
smooth intraluminal mass arising from the right lateral wall of the trachea. B,
T1-weighted coronal magnetic resonance imaging through the trachea and
carina in the same patient demonstrates a soft tissue mass in the distal trachea,
consistent with adenoid cystic carcinoma.
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(paralaryngeal space), and false cords. Intermediate signal intensities are given off from the true cords,

aryepiglottic folds, and the intrinsic laryngeal muscles. Calcified cartilage, the airway, and blood vessels pro-

duce low signals. MRI can be used in the assessment of tracheal stenosis and tumors and other paratracheal

masses that compress the trachea (Figure 4-8). The examination is performed with a T1 sequence in the

axial, coronal, and sagittal planes, supplemented by an axial T2 sequence. The T1-weighted sequence

demonstrates the anatomy of the trachea and surrounding structures in great detail. The T2-weighted

sequence adds to the characterization of the lesion, for example, differentiation of a cyst from a tumor. Car-

cinomas are characterized by intermediate signal intensities on the T1 sequences and high signal intensi-

ties on heavily T2-weighted images. On T1 sequences, the tumor may obliterate the high signal intensity

areas (paralaryngeal and preepiglottic spaces), encroach on the signal void air spaces, and/or may cause ero-

sion of the laryngeal or tracheal cartilaginous structures.

MRI is the preferred method for evaluating paratracheal abnormalities in children because it does

not involve ionizing radiation, and is particularly useful in studying vascular rings, slings, and dilated ves-

sels that compress the trachea (Figure 4-9). In addition, MRI is the preferred modality in evaluating

patients with paratracheal masses, who have contraindications to iodinated contrast material used for CT

scans. Gadolinium, a MRI contrast agent, can be given safely to such patients. Dynamic MRI may also prove

to be useful in evaluating tracheomalacia, although at the present time, inspiratory/expiratory CT scanning

is still the examination of choice for studying this condition.

Congenital Abnormalities

Tracheal Bronchus

A tracheal bronchus is an anomalous bronchus that arises directly from the right side of the trachea.21,22 It

is present in 0.25 to 1% of the human population. Most tracheal bronchi arise within 2 cm of the carina
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FIGURE 4-8 Goiter. Coronal T1-weighted mag-
netic resonance image of the neck and chest
reveals an enlarged thyroid gland causing
marked tracheal narrowing at the thoracic inlet.
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and are usually asymptomatic. Tracheal bronchi are classified into four different types: 1) rudimentary tra-

cheal bronchus, typically arising as a blind outpouching of the right lower side of the trachea; 2) displaced

bronchus, the most common anomaly in which one or two of the upper lobe segments are aerated by the

tracheal bronchus; 3) supernumerary accessory bronchus, which arises from the trachea in addition to the

normal right upper lobe (Figure 4-10); and 4) right upper lobe bronchus, with three normal segments aris-

ing above the tracheal bifurcation, sometimes a duplicate of a normal right upper lobe bronchus.

Congenital Tracheal Stenosis

Congenital tracheal stenosis is a rare developmental abnormality of the trachea that may affect any or all

parts of the trachea, in which the tracheal cartilages are hypoplastic, forming complete rings without a

membranous posterior wall.23 As a result, the trachea is rigid and nondistensible. On CT scans, the trachea

is narrowed, with identifiable calcified complete cartilaginous rings (Figure 4-11). Associated congenital

anomalies are present in 80% of cases, including H-type tracheoesophageal fistula, laryngomalacia, sub-

glottic stenosis, bronchial stenosis, hypoplasia or agenesis of the lungs, and other skeletal, cardiovascular,

and intestinal anomalies.

Congenital Vascular Anomalies and Rings and Vascular Compression

Vascular rings, slings, or mediastinal great vessels may compress the trachea and/or esophagus.24–27 In

adults, most vascular compressions are related to acquired aneurysmal dilation of the great vessels. Con-

trast CT, magnetic resonance angiography, and/or angiography is indicated to establish a diagnosis. A bar-

ium swallow is necessary in the work-up of a child with respiratory symptoms, because the esophagus is

frequently involved in compression syndromes.

FIGURE 4-9 Right-sided aortic arch. A, Anteroposterior view of the trachea
demonstrates marked tracheal narrowing adjacent to the right aortic arch. B,
Axial T1-weighted magnetic resonance imaging reveals compression of the mid-
trachea by a slightly dilated right-sided aortic arch.
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Vascular rings are the most common symptomatic anomalies causing tracheal and esophageal com-

pression and are classified as 1) double aortic arch or 2) right aortic arch with left ligamentum arteriosum,

patent ductus, or aberrant left subclavian artery. The absence of an aortic arch on the left and the presence

of a tracheal indentation by the right-sided aorta are critical findings. The distal trachea may be deviated

to the left on the frontal view, and anteriorly on the lateral view. A double aortic arch causes both anterior

and posterior compression of the trachea.

A pulmonary artery sling occurs when an anomalous left pulmonary artery courses over the right

main stem bronchus, near its origin from the trachea, and crosses posteriorly and to the left between the

esophagus and the trachea, reaching the left hilum above the bronchus. As a result, it may compress the tra-

chea and right main stem bronchus. A strong association exists with both tracheobronchial defects and car-

diovascular anomalies. Diagnostic findings on barium swallow, CT, and MRI include indentation of the

anterior aspect of the esophagus as well as tracheal deviation to the left just above the carina, by the aber-

rant pulmonary artery. The left hilum is situated more caudal than normal.27

Anterior compression of the trachea may occur by the innominate artery. The degree of compression is

usually most severe in expiration. In children, the innominate artery often originates partially or totally to

the left of the trachea and crosses in front of it, and clinical symptoms result because of crowding in the

mediastinum. The lateral chest radiograph usually demonstrates a typical anterior compression of the tra-

chea. The esophagus is usually not affected on an esophagogram.26

Postpneumonectomy Syndrome

Postpneumonectomy syndrome is a rare condition that occurs in children or adults following a pneu-

monectomy.28,29 For reasons that are not well understood, in certain patients, the heart and mediastinum

shift excessively toward the side of the pneumonectomy and the great vessels rotate significantly. In the case
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FIGURE 4-10 Tracheal bronchus. Computed tomography examina-
tion demonstrates a tracheal bronchus (A) arising from the distal
trachea just above the carina (B). The normal right upper lobe
bronchus is noted (C).A
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of a right pneumonectomy with a left-sided aortic arch, the remaining distal trachea and/or left main

bronchus becomes interposed between the pulmonary artery anteriorly and the aorta and thoracic spine

posteriorly, resulting in a stenosis of the distal trachea or main bronchus (Figure 4-12). A similar compli-

FIGURE 4-11 Congenital tracheal stenosis. A, Coronal tomogram demonstrates diffuse stenosis of the intrathoracic trachea. B, Comput-
ed tomography image through the midtrachea reveals a complete cartilaginous tracheal ring and significant stenosis of the trachea (C).
D,E, Following a slide tracheoplasty procedure, the tracheal lumen is significantly greater.
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FIGURE 4-12 Postpneumonectomy syndrome. Posteroanterior (A)
and lateral (B) radiographs of the chest following a right pneu-
monectomy reveal marked shift of the mediastinum and heart to the
right and posteriorly. A contrast-enhanced chest computed tomogra-
phy scan reveals counterclockwise rotation of the pulmonary artery
(P) that is horizontal in orientation (C, D). The left main bronchus
(arrow) is narrowed and interposed between the left main pul-
monary artery (PA) anteriorly and the descending aorta (A) posteri-
orly (D, E).
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cation may be seen following a left pneumonectomy with a right-sided aortic arch. Cross-sectional imag-

ing with CT and/or MRI is essential to establish the vascular and bronchial relationships and to define the

position and extent of the tracheobronchial obstruction. Inspiratory/expiratory CT imaging is useful to

identify a malacic segment that may rarely occur at the level of the stenosis. Postoperative imaging follow-

ing repositioning of the mediastinum helps to redefine the vascular and tracheobronchial positions and

confirm establishment of a patent airway.

Trauma

Larynx

Laryngeal trauma can be caused by external or internal injuries. External injuries are the result of blunt or

penetrating trauma. Internal injuries are usually caused by prolonged intubation or chemical or thermal

burns.30 Trauma is characterized by mucosal disruption of soft tissues, swelling, and collection of air in the

soft tissue structures of the larynx including neck and mediastinum. These soft tissue injuries may be associ-

ated with cartilaginous fractures, and dislocations of the arytenoids and epiglottis.31 The blood and edema

fluid insinuate along the deep spaces of the larynx, predominantly in the paralaryngeal and epiglottic spaces,

followed by a variable degree of airway narrowing. Fractures of the thyroid cartilage may be transverse or ver-

tical, resulting in hemorrhage into the preepiglottic space, with consequent posterior displacement of the

epiglottis. Fractures in the cricoid cartilage are often vertical and lead to a variable degree of disruption of the

signet ring. Fractures of the cartilaginous structures are associated with a variable degree of displacement and

hematoma formation. The arytenoids may be displaced as an isolated incidence or in conjunction with frac-

tures of the cartilaginous structures. They are most often displaced anteriorly and superiorly. Vocal cord

motion is usually impaired as a result of hematoma formation, fractures, arytenoid dislocation, fibrosis, or

recurrent laryngeal nerve paresis. Disruption of the cricothyroid joint may occur and also lead to dysfunction

of the vocal cords. The sequelae of severe laryngeal injuries are variable degrees of stenosis, which may involve

the entire larynx or may be localized to the supraglottic, glottic, or subglottic larynx.

CT is the modality of choice for demonstrating the various described findings in laryngeal trauma.32

CT will also demonstrate the extent of soft tissue edema, hematoma formation, the location and extension

of fractures, and the deformity of cartilaginous structures after healing (Figure 4-13).

Trachea and Main Bronchi

Tracheobronchial rupture is a rare injury that results from a decelerating injury. The possible mechanisms

of injury include compression of the airway between the sternum and the vertebral column, a sudden

deceleration of pendulous lung with a fixed trachea creating shearing forces, and forced expiration against

a closed glottis raising intrabronchial pressure.

The site of airway rupture and its extent determine the radiographic findings. The tracheal or bronchial

tear is usually complete and will lead to subcutaneous emphysema, pneumomediastinum, or pneumo-

thorax.33 Tears of the trachea and proximal left main bronchus generally leave the parietal pleura intact and

will result in pneumomediastinum (Figure 4-14). Distal left main bronchial tears and right main bronchial

tears will generally communicate with the pleural cavity and result in pneumothorax (Figure 4-15). Tears gen-

erally occur within 2.5 cm of the carina, and are more commonly seen on the right side. If the central anchor-

ing components of the lung are completely ruptured and the main bronchus disrupted, the lung may collapse

peripherally from the hilum, in what has been described as the “fallen lung” sign. In some cases, there may be

an incomplete tear and an absence of an air leak when the integrity of the peribronchial or peritracheal con-

nective tissue is maintained, when a cuff occludes the tear, or when fibrin seals the tear. Tears that present in

this fashion are often missed initially and have a delayed presentation (Figure 4-16). If healing develops, an
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FIGURE 4-13 Laryngeal trauma. Axial com-
puted tomography section through the sub-
glottic space of the larynx defines a fracture in
the anterior thyroid cartilage (arrow).

FIGURE 4-14 Acute tracheal tear. A, Posteroanterior chest radi-
ograph demonstrates marked diffuse pneumomediastinum extending
into the neck. B, Computed tomography scan through the upper chest
reveals extensive pneumomediastinum and subcutaneous emphyse-
ma. There is a tear of the membranous wall of the trachea.
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untreated partial laceration will develop a stenosis with a typical hourglass configuration and potentially cause

distal collapse of a lung or lobe (Figures 4-17, 4-18). Tracheobronchial trauma is often associated with aortic

injury and fractures of the first three ribs or sternum.34–36

Traumatic and Postintubation Stenosis

One of the complications to the larynx and trachea, most commonly seen following intubation, is granu-

loma formation. Granulomas occur primarily in the posterior supraglottic, glottic, and subglottic larynx,

and cervical trachea (Figures 4-19, 4-20). They can attain a large size with subsequent airway obstruction.

Late changes secondary to trauma represent laryngeal stenoses causing airway obstruction. These stenoses

may occur in the supraglottic, glottic, and subglottic larynx,37 or as a combination of all the sites with

extension into the cervical trachea (Figures 4-21, 4-22, 4-23).38 In severe cases, the entire larynx and/or tra-

chea may become obliterated. Tracheal stenosis is also encountered post-tracheostomy and postintuba-

tion.39 They occur primarily at two sites: 1) the tracheostomy opening or stoma, and 2) in the area of the

balloon cuff. In a small percentage of cases, both lesions will occur simultaneously.40 With the introduction

of compliant, extensible, large-volume latex cuffs, this complication has been prevented to a great degree,

and, consequently, the incidence of postcuff stenosis has markedly decreased.

FIGURE 4-15 Acute left main bronchial rupture.
Computed tomography scans through the carina (A)
and left main bronchus (B) reveal extensive pneumo-
mediastinum, subcutaneous emphysema, and a left-
sided pneumothorax. There is marked narrowing of
the left main bronchus at the site of laceration (B).
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At the stomal site, a large stoma, superimposed infection, or the use of rigid connecting systems

increases the incidence of stomal strictures due to pressure erosion.41 The stenosis at the tracheostomy

stoma frequently involves the anterior and lateral tracheal wall, and forms a triangularly-shaped area of

narrowing (Figure 4-24). Changes in the tracheal wall consist of fibrosis, often associated with granulation

tissue. In many instances, a variable amount of calcium and bone that are deposited in the tracheal wall are

readily demonstrated on the CT scan. Another complication seen at the tracheostomy site is a formation of

an anterior tracheal wall flap from above the stoma, caused by inversion of the anterior tracheal wall into

the adjacent lumen. Granulation tissue may form on the flap and increase the severity of the obstruction.
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FIGURE 4-16 Subacute right main bronchial tear. A, Anteroposterior chest radiograph reveals complete opacification of the right hemithorax
and shift of the trachea and mediastinum to the right, consistent with right lung collapse following contained laceration of the right main
bronchus. Computed tomography scans with lung windows at the carina (B) and slightly below the carina (C) demonstrate narrowing of the
lacerated right main bronchus. D,E, Soft tissue windows at the same levels reveal a fluid-filled, displaced distal right main bronchus (arrow).
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FIGURE 4-17 Post-traumatic tracheal
stenosis. A, Computed tomography scan
with intravenous contrast material
demonstrates a narrowed, misshapen
trachea surrounded by soft tissue densi-
ty, consistent with fibrosis at the site of
healed tracheal rupture. B, A lung win-
dow through the superior mediastinum
reveals marked tracheal stenosis.
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FIGURE 4-18 Missed left main bronchial stenosis due to missed bronchial rupture. Posteroanterior chest radiograph (A) and anteroposterior
tomogram (B) reveal collapse of the left lung distal to a left main bronchial stenosis.
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FIGURE 4-20 Tracheal granuloma adjacent to a tracheostomy
canula. Oblique spot film demonstrates a granuloma at the
tracheostomy tube (arrows).

FIGURE 4-19 Subglottic granuloma. Lateral neck view illustrates a sharply
delimited polypoid mass in the anterior subglottic space, consistent with a gran-
uloma (asterisk).

FIGURE 4-21 Subglottic stenosis. Axial computed
tomography scan demonstrates diffuse circumferential
thickening of the submucosa in the subglottic space
(asterisk). Note the normal cricoid cartilage (arrow).
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FIGURE 4-22 Infraglottic and adjacent cervical tracheal steno-
sis. Lateral view of the neck illustrates slight narrowing of the
inferior portion of the subglottic space (asterisk) and adjacent
trachea posteriorly. There is thickening of the tracheal wall with
some calcification (arrows).

FIGURE 4-23 Subglottic and cervical tracheal stenosis. Lateral
neck view shows a long severe subglottic and cervical tracheal
stenosis (arrow). Note the tracheostomy tract (asterisk). The
inferior margin of the larynx is indicated by a dot.



When the tracheostomy tube is removed, it may act as a ball-valve mechanism and obstruct the tracheal

lumen. These flaps are optimally demonstrated on lateral neck films as a variable and sometimes mass-like

soft tissue density above the stomal opening.

A cuff stenosis occurs 1 to 2 cm below the tracheal stoma and is circumferential in configuration.

Inflammatory histologic changes are noted within 24 to 48 hours following intubation. The inflammation

leads to superficial tracheitis and mucosal ulceration within 1 week. Deeper mucosal ulceration may develop,

along with exposure of the underlying cartilage, in 1 to 3 weeks. If the inflammatory process is not halted, car-

tilage will be exposed and chondritis will ensue, with fragmentation and eventual total destruction of the car-

tilaginous supporting structures in a period of 2 to 3 weeks following the intubation. Reparative healing will

supersede the inflammatory process and lead to fibrotic change and formation of granulation tissue with tra-

cheal narrowing.40 The length and severity of the stenosis are related to the pressure within the cuff, size and

shape of the cuff, the number of days of intubation, and the peak inspiratory pressure. The stenosis is usual-

ly circumferential and from 1 to 4 cm in length. In its fully developed stage, the lesion at the cuff site may vary

in severity, from a circumferential diaphragm of fresh granulation tissue to dense rings of mature fibrous tis-

sue partially covered by metaplastic squamous epithelium, extending over a variable length. A preliminary

high-kilovoltage oblique film of the trachea defines the level and length of the stenosis (Figure 4-25). For

detailed assessment of the lumen, thickness of the tracheal wall, and presence of mural calcification, CT is cur-

rently indicated, whereas in previous years, tomography was performed (Figures 4-26, 4-27).

Tracheomalacia develops, in a small percentage of cases, above the cuff stenosis site or at the stomal

site. When the full thickness of the tracheal wall has been damaged, so that cartilages are no longer present

in the area of injury, malacia may ensue. In a small number of cases, a malacic segment alone may be found

at the cuff site. The malacia can be demonstrated by fluoroscopic examination with observation of the tra-

chea during coughing and maximal inspiration and expiration. There is collapse of the entire tracheal wall,

especially the anterior wall. Tracheal stenosis may be associated with other findings and complications, such

as vocal cord paralysis, and infraglottic stenosis. Subglottic stenosis is usually secondary to damage of the

cricoid cartilage from the cuff of an endotracheal tube, or a high tracheostomy tube with erosion of the
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FIGURE 4-24 Stomal stenosis of the cervical trachea. A, Anteroposterior high-kilovoltage view outlines a localized stenosis in the cervical tra-
chea (arrows). B, Coronal tomogram shows the polypoid configuration of the stenosis. C, Lateral tomogram shows the stenosis chiefly ante-
riorly and laterally.
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cricoid, or from a cricothyroidotomy. In a small number of cases, tracheoesophageal fistula may develop,

followed by a sudden increase in profuse secretions plus food aspiration.42 These fistulas are best illustrat-

ed with a barium swallow. Different types of foreign bodies may lodge in the trachea, especially in young

children, followed by recurrent obstructive pneumonitis, if undetected by either radiographic means or

bronchoscopy. Foreign body location in the larynx is uncommon but has occasionally been encountered in

adults (Figure 4-28).

Saber-Sheath Trachea

Saber-sheath trachea is a condition closely related to chronic obstructive lung disease, especially chronic

bronchitis.43,44 In this condition, there is coronal narrowing and sagittal widening of the intrathoracic tra-

chea, with a tracheal index (coronal/sagittal diameter) < 0.5 at the level of the aortic arch. It has been the-

orized that repeated excessive tracheal collapse during chronic coughing leads to degenerative softening,

revascularization, and ossification of the tracheal cartilages, resulting in a fixed coronal narrowing.

Radiologically, there is a normal circular cervical tracheal configuration with an abrupt transition to

a saber-sheath configuration, beginning at the thoracic inlet and extending to the carina (Figure 4-29). The

tracheal cartilages may ossify in this condition, but the trachea otherwise maintains a smooth outline. Tra-

cheomalacia is not a recognized feature.

Granulomatous Lesions

The surface contour of the endolarynx is smooth and symmetrical in inflammatory conditions, with the

exception of granulomatous diseases. There is usually preservation of mobility of intralaryngeal structures,

FIGURE 4-25 Cuff stenosis of the cervical trachea. A, Anteroposterior high-kilovoltage view demonstrates narrowing of the
trachea (arrow). B, Tomographic image reveals circumferential narrowing of the lumen. Note the asterisk in the subglottic
space of the larynx.
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although slight limitation may occur. Chronic granulomatous lesions of the larynx display a diffuse or

localized nodular soft-tissue thickening. Frequently, a malignant tumor cannot be differentiated from the

granulomatous process, and a biopsy is often mandatory for a definitive diagnosis. Granulomatous process-

es may extend from the subglottic part of the larynx into the cervical trachea.

Tuberculosis

Larynx. Tuberculosis of the larynx is usually secondary to pulmonary tuberculosis and commonly affects

the posterior structures of the larynx. Diffuse swelling or a localized irregular mass may be found, depend-

ing on whether the pathologic process is acute, exudative, or chronic productive.45

Tracheobronchial. Tuberculous tracheobronchial stenosis may be caused by extrinsic compression or by

adjacent lymphadenopathy or by granulomatous changes within the airway (Figure 4-30). In the hyperplastic

stage, tubercles form in the submucosal layer, and ulceration and necrosis of the wall ensues. In the

fibrostenotic stage, a smooth stenosis is formed.46 Radiographically, in the hyperplastic stage, the tracheo-

bronchial walls will be nodular and thickened with variable degrees of stenosis (Figure 4-31). Associated lym-

phadenopathy may demonstrate rim enhancement with intravenous contrast. There may be parenchymal
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FIGURE 4-26 Cuff stenosis of the cervical trachea. A, Coronal tomogram delineates circumferential narrowing of the tra-
chea. B, Anteroposterior high-kilovoltage view illustrates narrowing of the lumen (arrows).
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FIGURE 4-27 Cuff stenosis of the cervical trachea. A, Coronal tomographic section reveals a localized well-defined cuff stenosis
(arrow). B, Lateral view of the cervical trachea demonstrates the stenotic area, chiefly posteriorly (arrow).
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FIGURE 4-28 Chicken bone in the larynx.
Lateral neck view demonstrates a chicken
bone in the larynx (arrows).
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FIGURE 4-29 Saber-sheath trachea. Posteroanterior (A) and lateral (B) chest radiographs demonstrate narrowing of the trachea in the coro-
nal plane and widening in the sagittal plane.
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FIGURE 4-30 Tracheobronchial tuberculosis with lymphadenitis.
Computed tomography scan at the level of the carina with soft tis-
sue windows (A) and lung windows (B) reveals an enlarged
necrotic low attenuation lower paratracheal lymph node that con-
tains calcification (A). There is extension of the granulomatous
process narrowing the right main bronchus (B).
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cavitation within the lobes drained by the affected bronchi. In the fibrostenotic stage, the bronchi remain

thickened, but have a smooth luminal stenosis (Figure 4-32). If the stenosis is complete, total collapse of a

lobe or entire lung will be present.

Broncholithiasis is a late sequela of tuberculosis or histoplasmosis. Rarely, calcified mediastinal nodes will

erode into a bronchus, causing obstructive complications such as atelectasis, repeated pneumonia, or bronchiec-

tasis. CT is useful to identify the presence and extent of the obstructing bronchial lesion (Figure 4-33). Calcifi-

cation within the broncholith and associated mediastinal lymph nodes helps to establish the diagnosis.

Fungal Disease

Fungal diseases, such as blastomycosis, candidiasis, histoplasmosis, mucormycosis, rhinosporidiosis, and

coccidioidomycosis, produce radiographic intrinsic stenosis of the central airways similar to those

described with tuberculosis (Figure 4-34).

FIGURE 4-31 Tuberculous bronchial stenosis, hyper-
plastic stage. Computed tomography scan demonstrates
thickening and nodularity of the right main and right
upper lobe bronchi associated with right hilar adeno-
pathy (A) and cavitation of the right lower lobe (B).
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Fibrosing mediastinitis is a complication of granulomatous mediastinitis, resulting from infection

from Histoplasma capsulatum and, less commonly, Mycobacterium tuberculosis. It has also been associated

with the use of methysergide. Fibrosing mediastinitis is characterized by a proliferation of fibrous tissue in

the mediastinum, which surrounds, invades, and sometimes obliterates normal structures, including the

trachea and bronchi, esophagus, vena cava, pulmonary veins and arteries, and thoracic duct. Calcification

is often present within the mediastinal fibrosis, identifiable on chest radiographs and CT (Figure 4-35).

Contrast enhanced CT or MRI is useful to evaluate vascular invasion or occlusion by the fibrosis.47,48
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FIGURE 4-32 Tuberculous stenosis of the trachea
and main bronchi, fibrotic stage. A, Chest radi-
ograph reveals collapse of the left lung. Computed
tomography scans reveal diffuse smooth stenosis of
the trachea (B) and main bronchi (C). There is col-
lapse of the left lung and a calcific left fibrothorax. A
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Sarcoidosis

Sarcoidosis of the larynx and trachea is characterized by diffuse or nodular thickening, and in some cases,

a tumor-like infiltration. The epiglottis is most frequently involved. Other airway involvement includes tra-

cheobronchial mural thickening, which may be smooth, irregular, or nodular luminal narrowing (Figure 

4-36). Airway compression by lymphadenopathy may occur. Thickening of the tracheobronchial wall rep-

resents the presence of granulomas in the bronchial mucosa and along the bronchovascular interstitium,

accounting for the high diagnostic success of transbronchial biopsy (Figure 4-37).49

Scleroma

Scleroma is caused by Klebsiella rhinoscleromatis, a gram-negative bacterium. It is a chronic granulomatous

disorder that commonly involves the subglottic larynx and cervical trachea and is characterized by granu-

FIGURE 4-33 Tuberculous broncholithiasis. The posteroanterior chest
radiograph (A) and anteroposterior tomogram (B) reveal collapse of the
right upper lobe distal to a calcified right upper lobe-filling defect, consis-
tent with a broncholith. C, A computed tomography scan reveals complete
obstruction of the right upper lobe bronchus by a calcified endobronchial-
filling defect associated with a densely calcified right paratracheal lymph
node in a patient with healed tuberculosis.

A

B

C



lomatous masses or nodular and diffuse infiltrations. Although the proximal trachea is most commonly

involved, the entire trachea and even the main bronchi may be affected by obstruction. The radiologic find-

ings correlate with the three clinical stages of inflammation: 1) the catarrhal stage, 2) the granulomatous

proliferative stage, and 3) the sclerotic cicatricial stage.50
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FIGURE 4-34 Bronchial stenosis due to
mucormycosis. A computed tomography
scan reveals nodular stenosis of the right
upper lobe and main bronchi. There is
marked cavitation of the right upper lobe
by the infection.

FIGURE 4-35 Fibrosing mediastinitis. Computed tomography scans through the distal trachea (A) and main bronchi (B) with intravenous
contrast reveal narrowing and distortion of the trachea and bronchi. There is surrounding fibrosis that contains calcification.
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FIGURE 4-36 Tracheal stenosis in end-stage sarcoidosis. Posteroanterior (A) and lateral (B) chest radiographs reveal marked tracheal and
bronchial stenosis and distortion. There is marked pulmonary fibrosis and traction bronchiectasis related to pulmonary sarcoidosis.
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FIGURE 4-37 Diffuse tracheobronchial stenosis in sarcoidosis. Computed tomography scans through the main bronchi (A) and left upper lobe
bronchus (B) reveal diffuse bronchial wall thickening and calcification. Calcified subcarinal lymph nodes are noted.
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Wegener’s Granulomatosis

Wegener’s granulomatosis may involve the upper and lower respiratory tract, usually in conjunction with

renal and other organ involvement.51 Wegener’s granulomatosis may involve the subglottic larynx and

cause diffuse narrowing of the subglottic airway (Figure 4-38). Diffuse tracheobronchial involvement is

rare and usually presents late in the disease process. Radiographic findings include tracheobronchial nar-

rowing, thickening, and irregularity that may be focal or diffuse (Figures 4-39, 4-40). Occasionally, granu-

lomatous tissue can obstruct a bronchus, causing atelectasis. Mediastinal and/or hilar adenopathy may be

present on CT.

Other Benign Infiltrative Lesions

Idiopathic Laryngotracheal Stenosis

Idiopathic laryngotracheal stenosis is a rare cause of narrowing of the larynx and cervical trachea that typ-

ically affects middle-aged women who have no history of trauma, infection, or systemic disorder. The

stenotic areas show dense keloid fibrosis involving the adventitia and the lamina propria, sparing the

mucosa, muscularis propria, and the cartilages. The radiographic appearance is variable, including smooth

and tapered, or irregular, lobulated, and eccentric lesions that are 2 to 4 cm in length (Figure 4-41).52

Relapsing Polychondritis

Relapsing polychondritis is an uncommon multisystem disease causing progressive, episodic inflammation

and destruction of hyaline cartilage and other tissues. Clinical manifestations include auricular chondritis,

arthritis, nasal chrondritis, ocular inflammation, respiratory tract involvement, audiovestibular damage,

cardiovascular involvement, and skin disease. Respiratory tract involvement is the major cause of death.

Relapsing polychondritis thickens the laryngotracheal cartilages, causing airway narrowing adjacent to the

epiglottis, aryepiglottic folds, glottis, subglottis, and upper trachea. Progressive thickening of the distal tra-

chea and bronchi may develop, but this is less common.

There is a spectrum of findings in the airways.53,54 In the early stages of the disease, mucosal inflam-

mation is present, causing thickening and narrowing of the central airways. As the disease progresses and

Imaging the Larynx and Trachea 133

FIGURE 4-38 Wegener’s granulomatosis
subglottic larynx. Axial computed tomog-
raphy section shows diffuse soft tissue thick-
ening of the subglottic larynx (asterisk)
adjacent to the cricoid cartilage (arrow).
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FIGURE 4-39 Tracheal stenosis due to Wegen-
er’s granulomatosis. An oblique tomogram of
the trachea reveals a diffuse tracheal stenosis
with an hourglass configuration.

FIGURE 4-40 Wegener’s granulomatosis of the main bronchi. Computed tomography scans through the main bronchi reveal diffuse nodu-
larity of the bronchial walls.
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cartilage is destroyed, the airways become collapsible and tracheobronchomalacia develops. Once the

destroyed cartilages are replaced by fibrous tissue, a diffuse fixed stenosis develops (Figure 4-42). In such

cases, CT demonstrates diffuse smooth thickening of the involved trachea and bronchi (Figure 4-43). Occa-

sionally, calcification is seen within the thickened walls.

Tracheopathia Osteochondroplastica

Tracheopathia osteochondroplastica is a rare benign condition manifested by multiple hard osteocartilagi-

nous masses in the submucosa of the anterior and lateral walls of the cervical and intrathoracic trachea and

main bronchi (Figure 4-44). The posterior membranous wall is typically uninvolved, a finding that distin-

guishes this disease entity from other diffuse infiltrating diseases. The size and distribution of the nodules

are best depicted by CT. Submucosal nodules may range in size from a few millimeters to larger obstruct-

ing nodules. Ossification within the nodules can be identified on CT scans. The tracheobronchial wall is

characteristically rigid on inspiratory/expiratory CT scans and fluoroscopy.55

Amyloidosis

Tracheobronchial amyloidosis results from the extracellular deposition of an insoluble protein that stains

with Congo red. Airway involvement is most commonly seen in the primary form of the disease. Although

any portion of the airway can be involved, distal tracheal and bronchial involvement is more common.

Amyloidosis of the airway may be focal or mass-like, mimicking a tumor, or may cause diffuse thickening

of the tracheobronchial wall.56
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FIGURE 4-41 Idiopathic tracheal stenosis. Anteroposterior tracheal tomograms in two separate patients reveal subglottic stenosis with
a diffuse smooth stenosis (A) and a mass-like obstructing lesion of the proximal trachea (B).
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FIGURE 4-42 Relapsing polychondritis of the glottis
and proximal trachea. An anteroposterior tomogram
of the proximal trachea and larynx reveals a smooth
subglottic stenosis.

FIGURE 4-43 Relapsing polychondritis. Computed tomography scans
demonstrate diffuse thickening of the trachea (A) and bronchial (B) car-
tilages.
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Radiographs and CT scans demonstrate tracheobronchial wall thickening and nodularity or, less

commonly, a focal endoluminal lesion (Figures 4-45, 4-46). The airway abnormality may calcify and focal

lesions may demonstrate intense vascular enhancement with intravenous contrast material on CT, or

gadolinium on MRI (Figure 4-47). Associated mediastinal or hilar adenopathy is sometimes present and

may contain calcification.

Benign Tumors and Cysts

Benign tumors of the trachea and larynx are very rare and account for 10% of tracheal tumors.57,58 Ninety

percent of tumors which are encountered in the pediatric age group are benign. Benign tumors represent

a large group of diverse lesions that manifest as sharply-defined masses with no invasive characteristics.20,59

They are usually homogeneous, and the majority of lesions have no characteristic features to differentiate

them by radiologic means.60

Papillomas

Papillomatosis is the result of a multicentric viral infection with the human papilloma virus. Papillomas

occur either singly or as multiple, irregular tumor excrescences that generally arise from the true vocal

cords.61 This tumor most often involves the superior surfaces or free margins of the vocal cords and, less

commonly, occurs in the supraglottis and subglottis (Figure 4-48). Papillomas are divided into juvenile and

adult groups, where those of the juvenile group often manifest as multiple lesions, most commonly found

in the larynx. The papillomas may recur or may spread diffusely through the trachea, bronchi, and lungs

following excision. In the lungs, sheets of squamous cells proliferate within alveoli, forming nodules that

characteristically cavitate. The adult type of lesion often presents as a solitary mass, with a lesser propensi-
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FIGURE 4-44 Tracheopathia osteochondroplastica. A, Anteroposterior
tomogram reveals diffuse nodularity of the trachea and bronchi.
B, Computed tomography scan at the level of the midtrachea demon-
strates thickening and nodularity of the tracheal cartilage, sparing the
membranous wall.
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ty to recur after removal. Transformation of the lesions into invasive squamous cell carcinoma is well

known. Radiographically, the tracheal walls may appear thickened and nodular in appearance, either in a

focal or diffuse fashion. These are sometimes visible on chest radiographs, but are best demonstrated by CT

(Figure 4-49). Multiple pulmonary nodules with and without cavitation can be identified on chest radi-

ographs and CT (Figure 4-50).

Chondromas

Chondromas of the larynx are uncommon lesions that occur most frequently in middle-aged men. The

tumor is smooth, submucosal, and firm in consistency.62 On radiographic and CT examination, the

tumor presents as a sharply-defined mass and frequently contains mottled calcifications (Figure 4-51).

Radiologically, a chondroma cannot be distinguished from a chondrosarcoma; this distinction may also

be difficult on histopathologic examination. The most common location is the inner surface of the

cricoid lamina (70%) (Figure 4-52). Less often, chondromas arise from the thyroid, arytenoid, or epiglot-

tic cartilages. On rare occasions, chondromas may be situated on the upper surfaces, free margins, or

FIGURE 4-45 Diffuse tracheobronchial amyloidosis. Computed
tomography scans at the level of the cricoid cartilage (A), midtrachea
(B), and main bronchi (C) reveal diffuse tracheobronchial thickening
and narrowing, with calcification of the airway walls.
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undersurfaces of the vocal cords. Chondromas may occur in the trachea and bronchi but do so less com-

monly than laryngeal chondroma.

Hemangiomas

Hemangiomas are uncommon lesions in the larynx and occur even less commonly in the trachea. The pedi-

atric type of hemangioma usually manifests by 6 months of age, is subglottic in location, and causes signs

of airway obstruction.63 Typically, these children exhibit hoarseness, stridor, and dysphagia with poor feed-
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FIGURE 4-46 Focal amyloidosis of the left
main bronchus. A, The posteroanterior
chest radiograph demonstrates a nodular-
filling defect in the distal trachea obstruct-
ing the left main bronchus with distal left
lung atelectasis. B, Computed tomography
(CT) scan without intravenous contrast
reveals a calcified soft tissue mass obstruct-
ing the left main bronchus. C, A CT scan
with intravenous contrast demonstrates
enhancement within the obstructing left
main bronchial lesion.
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ing. In the anteroposterior radiographic film, there is subglottic and often asymmetrical narrowing, and

evidence of a distinctive, homogeneous, sharply-defined soft tissue mass. In adults, laryngeal hemangiomas

usually arise in the supraglottic larynx as a sharply-defined, homogeneous mass that may contain phle-

boliths. Most of the reported cases are of the cavernous variety, as opposed to capillary hemangiomas,

which are seen in infancy.

Other Benign Tumors

Miscellaneous benign tumors are encountered in the larynx and trachea. These include neurogenic tumors,

pleomorphic adenoma, oncolytic tumor, granular cell tumor, paraganglioma, lipoma, fibrous histiocytoma,

rhabdomyoma, and hamartomas (Figure 4-53).64–72 Conventional radiographs do not usually reveal any

characteristic features that allow a specific histopathologic diagnosis. CT can identify fatty attenuation

FIGURE 4-47 Focal tracheal amyloidosis. A, Antero-
posterior tracheal tomogram reveals a large calcified
soft tissue mass nearly obstructing the proximal tra-
chea. B, Computed tomography scan without contrast
reveals marked calcification within the mass and
extension of the mass into the right paratracheal soft
tissues. C, T1-weighted magnetic resonance image of
the proximal trachea with gadolinium reveals marked
enhancement of the mass.
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within hamartomas and lipomas and increased contrast enhancement within paragangliomas. A chondroid

matrix can be identified within chondromas and chondrosarcomas.

Laryngoceles

Various cystic lesions are encountered in the larynx that are either retention cysts or laryngoceles. Laryn-

goceles are air-filled or fluid-filled outpouchings of the mucosa of the laryngeal ventricles. They extend

from the ventricle into the adjacent aryepiglottic fold and are then referred to as internal laryngoceles.73,74

If the air-filled structure herniates through the thyrohyoid membrane, external laryngoceles result, which

are usually well defined. Intralaryngeal expansion leads to a variable degree of airway obstruction, depend-

ing on the size of the lesion. If these laryngoceles are filled with fluid, they manifest as homogeneous, dense

masses that cannot be differentiated from a benign tumor.

Tracheal Cyst or Tracheocele

A tracheal cyst is a thin-walled air-containing paratracheal cavity that is visible on chest radiographs and

chest CT scans (Figure 4-54). The tracheal cyst is a circumscribed saccular tracheal outpouching of the pos-

terior wall of the trachea. The cyst may rarely contain an air–fluid level. Dynamic bulging can be observed

during a Valsalva maneuver at fluoroscopy or on CT. This condition occurs through a localized weakness of

the membranous part of the trachea and is theorized to be associated with obstructive lung disease.75

Imaging the Larynx and Trachea 141

FIGURE 4-48 Squamous papilloma of the larynx. A, Lateral view of the neck
illustrates a polypoid irregular mass in the supraglottic, glottic, and subglottic
portions of the larynx (arrows). B, Axial computed tomography scan outlines the
lesion anterolaterally on the right, with erosion of the adjacent cartilage.
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FIGURE 4-49 Tracheal papillomatosis. Posteroanterior chest radiograph (A) and anteroposterior tomogram (B) demonstrate diffuse nodularity
of the trachea. Computed tomography scans with soft tissue windows (C) and lung windows (D) demonstrate multiple tracheal wall papillomas
that partially obstruct the lumen.
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FIGURE 4-50 Diffuse papillomatosis. A, Lateral tomogram of
the larynx and cervical region reveals diffuse nodularity
throughout the larynx and proximal trachea, with partial
obstruction of the lumen. B, A chest computed tomography
scan reveals small pulmonary nodules and a cavitary nodule
in the right lower lobe, consistent with pulmonary papillo-
matosis. Posteroanterior (C) and lateral (D) chest radi-
ographs demonstrate bilateral pulmonary nodules, some of
which are cavitary.
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FIGURE 4-51 Chondroma of the lar-
ynx. Axial computed tomography
scan shows a calcified mass arising
from the right thyroid cartilage and
adjacent cricoid cartilage. The tumor
bulges into the airspace and displaces
the thyroid cartilage laterally.

FIGURE 4-52 Chondroma. Lateral tomogram of the larynx (A) and
computed tomography scans (B, C) through the cricoid cartilage reveal
a calcified mass arising from the cricoid cartilage, consistent with a
chondroma.
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FIGURE 4-53 Granular cell myoblastoma of the cer-
vical trachea. Lateral view of the neck outlines an
oval-shaped, sharply-defined soft tissue mass arising
from the posterior cervical tracheal wall.

FIGURE 4-54 Tracheal cyst. Anteroposterior tomogram (A) and
computed tomography scan of the upper trachea (B) demonstrate a
thin-walled air-filled right paratracheal cyst.
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Malignant Lesions

Epithelial Tumors

Larynx. The majority of laryngeal malignancies (90%) represent epithelial neoplasms. Among these, 50

to 70% of laryngeal cancers are glottic in nature, 30 to 35% represent supraglottic carcinomas, and 4 to 6%

represent subglottic carcinomas.76,77 Tumor size, location, and histologic grading are important parameters

that determine the occurrence of lymph node metastases. Metastatic lymph nodes are more common when

the primary tumor in the supraglottic larynx is greater than 2.0 cm in diameter and is poorly differentiat-

ed. Supraglottic carcinomas arise from the laryngeal surface and rim of the epiglottis, aryepiglottic folds,

arytenoids, false cords, and laryngeal ventricles.78 They commonly extend across the midline, invade the

extralaryngeal structures by direct extension to the pyriform sinuses, extend to the postcricoid region, and

potentially extend to the cervical esophagus, valleculae, and base of tongue. Vocal cord cancers arise com-

monly from the anterior two-thirds of the vocal cords and may spread via the anterior commissure to the

subglottic space (20%) and infrequently into the cervical trachea (Figure 4-55).77 Deep penetration of the

cord by tumor into the vocalis muscle causes fixation of the cord.

Carcinomas arising in the cervical trachea may involve by superior extension the subglottic larynx.

In larger carcinomas, it is often difficult to determine whether the origin is from the cervical esophagus, the

cervical trachea, or an extension of a subglottic carcinoma into the upper trachea. Stomal recurrence post-

laryngectomy is encountered in 5 to 15% of cases. The tumor manifests as single or multiple nodules, at or

near the stomal margin, involving the skin or tracheal mucosa. Deep invasion is commonly present, asso-

ciated with ulceration at the skin margin.

CT evaluation provides valuable information concerning extension of malignant tumor to the fol-

lowing areas: 1) the anterior commissure, 2) the paracordal and para-arytenoidal areas, 3) the preepiglot-

tic and subglottic spaces, 4) cartilage invasion (see Figure 4-55), extralaryngeal extension of an endolaryn-

geal tumor, and 6) extension of pyriform sinus carcinomas through the cricothyroid space to involve the

postcricoid region and cervical esophagus.78 Contrast CT or MRI is used to evaluate the tracheal extension

and tumor invasion of the upper mediastinum prior to surgery and/or radiation therapy.79–81

FIGURE 4-55 Vocal cord carcinoma (left).
Axial computed tomography section shows
a left vocal cord carcinoma causing carti-
laginous erosion and extension into adja-
cent soft tissue structures.



Trachea. Although very rare, primary malignancies of the trachea are much more common than benign

tumors.82 Squamous cell carcinoma is the most common tracheal malignancy (50%), followed by adenoid

cystic carcinoma (30%) and adenocarcinoma (10%). Other less frequently encountered malignancies include

mucoepidermoid carcinoma, undifferentiated carcinoma, small cell carcinoma, and carcinosarcoma.1,83

SQUAMOUS CELL CARCINOMA. Squamous cell carcinoma may present as a focal mass with a tenden-

cy for exophytic growth and a propensity to invade the mediastinum (Figure 4-56).84 Synchronous and

metachronous squamous cell carcinomas of the larynx, lungs, and esophagus are found in many patients.

CT is useful in demonstrating the primary tumor and its extent in the trachea and adjacent mediastinum,

as well as associated adenopathy within the mediastinum and hilum.

ADENOID CYSTIC CARCINOMA. Adenoid cystic carcinoma tends to grow with endophytic spread in

the submucosal plane of the trachea and bronchi (Figure 4-57).85,86 On radiographs and CT and MRI scans,

the trachea appears thickened with a smooth nodular appearance, associated with luminal narrowing 

(Figure 4-58). The tumor may extend into the adjacent soft tissues of the neck and mediastinum, depicted

on CT or MRI as extension into the adjacent mediastinal fat. Regional lymph nodes in the neck and medi-

astinum are the first to be involved by metastases. Hematogenous metastases to lung, bones, and liver occur

later in the disease progression.

MUCOEPIDERMOID TUMORS. Mucoepidermoid tumors are very uncommon tumors of the trachea,

central bronchi, and rarely of the lung.87 These tumors may be of either high-grade or low-grade malig-

nancy. The radiographic findings are of a focal endoluminal soft tissue mass within a large central airway,

without characteristic features to distinguish the mass from other tumors (Figure 4-59).
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FIGURE 4-56 Squamous cell carcinoma of the trachea. Postero-
anterior chest radiograph (A) and computed tomography scan of
the distal trachea (B) reveal a round soft tissue mass arising from
the posterior wall of the trachea.
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FIGURE 4-57 Adenoid cystic carcinoma of the larynx and trachea. Anteroposterior (A) and lateral (B) tomograms of the larynx and proxi-
mal trachea and computed tomography scans at the level of the hyoid bone (C) and proximal trachea (D) reveal a smooth nodular tumor
with endophytic growth.
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FIGURE 4-58 Adenoid cystic carcinoma of the distal trachea and proximal left main bronchus. A, Anteroposterior tomogram of the trachea
and carina reveals a smooth, well-defined mass arising from the left lateral wall of the trachea extending into the proximal left main bronchus.
Computed tomography scans of the distal trachea (B, C) and proximal left main bronchi (D, E) demonstrate nodular thickening of the tra-
cheal and left main bronchial walls. F, A postoperative anteroposterior tomogram of the trachea demonstrates a patent anastomosis follow-
ing a carinal reconstruction.
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CARCINOID TUMORS. Carcinoid tumors are neuroendocrine tumors derived from Kulchitsky’s

cells.88 The typical carcinoid tumor represents the lowest grade subtype of a spectrum of tumors that

includes the more aggressive atypical carcinoid tumor and the highly malignant small cell carcinoma.

Typical carcinoids present in the fifth and sixth decades and tend to arise in the central bronchi, peripheral

lung (10%), and rarely in the trachea. They tend to be smooth, well-defined, round masses that present as

a nodular-filling defect, and may be associated with atelectasis, distal pneumonia, and/or bronchiectasis if

they cause bronchial obstruction (Figure 4-60). Atypical carcinoid tumors tend to present in the sixth and

seventh decades of life, may be either central or peripheral in the lung, and have a tendency to metastasize

FIGURE 4-59 Mucoepidermoid carcinoma. Anteroposterior tomogram of the
trachea (A) and computed tomography scan of the distal trachea (B) reveal
a well-defined rounded mass in the distal trachea. A virtual bronchoscopic
image (C) and the gross pathologic specimen (D) reveal an obstructing soft
tissue mass in the distal trachea.
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to regional hilar and mediastinal lymph nodes (Figure 4-61). Small cell carcinomas are extremely malignant

tumors that present in the seventh and eighth decades. They are usually associated with large, bulky cen-

tral hilar and mediastinal lymphadenopathy and distant metastases at the time of diagnosis. CT scans often

reveal a small peripheral primary tumor within the lung, generally not visible on routine chest radiographs.

Carcinoid tumors have several distinguishing features on imaging studies. Typical carcinoid tumors

generally exhibit slow growth and may contain calcifications. Carcinoid tumors are highly vascular and will

demonstrate a high degree of contrast enhancement with iodinated contrast on CT scans (Figure 4-62).
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FIGURE 4-60 Typical carcinoid tumor. Posteroanterior chest radiograph (A) and anteroposterior tomogram (B) reveal an obstructing
mass in the left main bronchus with partial volume loss in the left lung. C, A contrast enhanced computed tomography scan demon-
strates a focal mass within the left main bronchus (arrow). D, An octreotide scan of the chest demonstrates a focal area of intense uptake
in the left hilum (arrow).
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FIGURE 4-61 Atypical carcinoid tumor. Postero-
anterior chest radiograph demonstrates a peripher-
al mass in the right upper lobe, associated with
right hilar adenopathy.

FIGURE 4-62 Typical carcinoid tumor. A, Posteroanterior chest radiograph demonstrates a left hilar mass. B, Computed tomography scan
with contrast enhancement reveals intense enhancement of the carcinoid tumor in the left lower lobe bronchus.
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Because somatostatin receptors are found in carcinoid tumors, radionuclide-coupled somatostatin ana-

logues such as 123I-Tyr3-octreotide and 111In-octreotide can be used to identify carcinoid tumors. This diag-

nostic approach is helpful in identifying occult carcinoid tumors in those patients who present with clini-

cal symptoms referable to serotonin, adrenocorticotropic hormone, or bradykinin production.

Mesenchymal Tumors

Mesenchymal tumors are rarely reported to occur in the trachea, and tend to occur in young adults.

Fibrosarcoma, leiomyosarcoma, chondrosarcoma, hemangioendotheliosarcoma, and lymphomas have

been reported (Figure 4-63).89 Except for calcifications in chondrosarcomas, there are no specific charac-

teristics with which to differentiate mesenchymal tumors from other malignancies (Figure 4-64).

Secondary Malignant Tumors

Carcinomas, especially papillary and follicular types arising from the thyroid gland, may invade the larynx and

cervical trachea in up to 5% of cases. The trachea may also be invaded by tumors of the esophagus and lung.

The delineation of the extent of these tumors is best accomplished with CT and MRI (Figure 4-65).79,80

Tracheobronchomegaly

Tracheobronchomegaly, seen in Mounier-Kuhn syndrome, is an abnormal diffuse dilatation of the trachea

and main bronchi.90–92 The diagnosis of tracheobronchomegaly is usually apparent on chest radiographs,

CT, or MRI. Typically, there is protrusion of the mucosa through the trachealis muscle between the carti-

laginous rings, producing a scalloped or corrugated appearance of the trachea and main bronchi (Figure 

4-66). There is often an abrupt transition between the dilated lobar bronchi and normal segmental bronchi.

Patients with this disorder may have repeated respiratory infections leading to peripheral bronchiectasis.
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FIGURE 4-63 Tracheal lymphoma. A, Anteroposterior tracheal
tomogram reveals a smooth stenosis of the proximal trachea with
an hourglass configuration. B, Computed tomography scan
demonstrates thickening of the tracheal wall.
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Tracheobronchomegaly is also seen in association with Ehlers-Danlos syndrome, cutis laxa, and atax-

ia telangiectasia (immune deficiency syndrome), and with diffuse pulmonary fibrosis.

Tracheobronchomalacia

Tracheobronchomalacia refers to a weakness in the tracheobronchial walls due to a primary immaturity or

secondary softening or destruction of the cartilaginous rings, or excessive flaccidity of the posterior mem-

FIGURE 4-65 Papillary carcinoma of the thyroid with laryngeal inva-
sion. A, Lateral view of the neck shows a posterior supraglottic laryngeal-
pharyngeal mass. B, Computed tomography section reveals a mass to
the right and posterior to the larynx. There is destruction of the cricoid
and thyroid cartilage on the right, with intraluminal tumor extension
(asterisk).A

B

FIGURE 4-64 Chondrosarcoma of the trachea. A, Posteroanterior chest radiograph demonstrates a large mediastinal mass that deviates and
partially obstructs the mid and distal trachea. B, Computed tomography scan through the midtrachea reveals a large soft tissue mass con-
taining calcification that encircles and narrows the trachea, consistent with a chondrosarcoma arising from the trachea.
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branous wall with resultant collapsibility. Tracheobronchomalacia may be focal or diffuse.93,94 There are

various causes of tracheobronchomalacia, including 1) congenital absence or hypoplasia of the cartilagi-

nous rings, 2) traumatic causes related to mechanical ventilation with cuffed tubes or blunt chest trauma,

3) inflammatory conditions such as relapsing polychondritis, or 4) compression by vascular structures such

as aberrant vessels or aneurysms or external mediastinal masses such as long-standing goiters. The location

and extent of malacia is best evaluated radiographically by inspiratory/expiratory CT scans (Figure 4-67).

Acquired Tracheobronchoesophageal Fistulae

Tracheobronchoesophageal fistulae may be congenital or acquired.95,96 The most common congenital tra-

cheoesophageal fistula, accounting for 80 to 90% of cases, is esophageal atresia with a low tracheoesophageal
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FIGURE 4-66 Mounier-Kuhn syndrome. Anteroposterior (A) and lateral (B) tomograms of the trachea demonstrate dilatation of the trachea
and main bronchi, with a scalloped or corrugated appearance. Computed tomography scans of the midtrachea (C) and main bronchi (D)
demonstrate dilated scalloped-appearing airways.
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FIGURE 4-67 Tracheobronchomalacia. Inspiratory (A) and expiratory (B) computed tomography scans of the main bronchi reveal marked
collapse of the bronchi on expiration. There is also diffuse thickening and calcification of the airways, typical of relapsing polychondritis.
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FIGURE 4-68 Congenital “H-type” esophagobronchial fistula.
A, Posteroanterior chest radiograph demonstrates right basilar pneu-
monia and right hilar adenopathy in a patient who experienced
recurrent pneumonia in the right lung. B, A barium esophagogram
demonstrates a small fistula extending from the distal esophagus to a
right lower lobe bronchus.
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fistula, presenting at birth. The “H-fistula” without atresia may be difficult to diagnose and may go unde-

tected until adulthood (Figure 4-68). The majority of tracheobronchoesophageal fistulae in adults are

acquired. Such acquired fistulae result from several causes, including 1) malignancy of the esophagus, tra-

chea, bronchi, thyroid, and lymphomas; 2) radiation injury; 3) fungal infections such as histoplasmosis and

actinomycosis, tuberculosis, syphilis, and bacterial infections (Figure 4-69); and 4) traumatic causes such as

those from mechanical ventilation with cuffed tubes and indwelling nasogastric tubes, blunt or penetrating

trauma, lye burns of the esophagus, instrumentation, or esophageal foreign bodies (Figure 4-70). The diag-

nosis of a fistula can be established with the judicious use of an esophagogram, using low osmolar contrast

material. High osmolar contrast should be avoided, because if the lung becomes flooded with contrast, life-

threatening pulmonary edema and bronchospasm may develop.

FIGURE 4-69 Esophagobronchial fistula and broncholith due to histoplasmo-
sis. An esophagogram (A) reveals an esophagobronchial fistula extending from
the distal esophagus to the bronchus intermedius, and as demonstrated by a
chest computed tomography scan (B), this patient had a broncholith (arrow)
in the bronchus intermedius.
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Diagnostic Endoscopy

General Considerations

Techniques

Hermes C. Grillo, MD

General Considerations

Laryngoscopy and bronchoscopy are always required to assess airway lesions. Esophagoscopy is added if the

lesion is a tumor that may involve the esophagus, if there is a question of fistula, or if there is another rea-

son to suspect esophageal pathology. Mediastinoscopy is not often done as a separate procedure for the

assessment of primary tracheal lesions.

Photographs of some lesions, as observed through bronchoscopy, are included in the color plates.

Laryngoscopy

This procedure is performed to determine if there is pathology in the larynx, either as an extension of or in

addition to tracheal pathology, and also to assess glottic function and competence (see Chapter 35, “Laryn-

gologic Problems Related to Tracheal Surgery”). Functional evaluation of the larynx is made by indirect

examination, or, now more commonly, with a flexible laryngoscope or bronchoscope. The conscious patient

can cooperate in maneuvers necessary to show whether the vocal cords move normally. Glottic function

may be assessed under general anesthesia by lightening the anesthesia to a point where vocal cord reflexes

return, but this is not nearly as satisfactory. Mass movement may be difficult to interpret. Examination must

be accurate and is often best performed by a consulting otolaryngologist. If any complexity is suspected,

I usually arrange for an endoscopy as a joint effort with the otolaryngologist. Degrees of aspiration on 

deglutition are assessed by barium studies, conventional or modified.

If patients have pathology in both the larynx and trachea, it is critically important to define both

lesions at the outset, in order to plan effective treatment. Generally, a significant non-neoplastic laryngeal

lesion should be corrected or made manageable by an initial laryngeal procedure before the tracheal lesion

is surgically treated. Alternatively, both laryngeal and tracheal lesions may be repaired concurrently,

although this usually requires concomitant tracheostomy for safety, which is not always desirable because

the surgeon might correct a tracheal lesion by extensive resection, possibly bringing the larynx down to the

sternal notch. If an obstructive lesion in the larynx is only then detected, tracheostomy may be difficult or
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dangerous to the fresh anastomosis, either to the larynx itself or to an adjacent brachiocephalic artery. Intu-

bation, preferably avoided following fresh tracheal reconstruction, could be necessary.

Laryngoscopic examination is particularly important in patients with trauma to the upper airway,

where recurrent laryngeal nerve injuries are likely. Many patients with postintubation tracheal stenosis have

inflammatory lesions of the larynx as well, which may cause obstruction in concert or independently. Vocal

cord paralysis may also be present in these patients with or without a history of prior tracheal reconstruc-

tion or of direct injury to the larynx. Cord paralysis also occurs with primary or secondary tracheal neo-

plasms, and high tumors may invade the larynx.

Bronchoscopy

For a tracheal lesion, bronchoscopy has two purposes. The first is to obtain precise diagnosis of the type

and extent of the lesion. The second is to treat obstruction, if present, in order to provide an airway ade-

quate for immediate resection, to allow delay for further studies or treatment prior to resection, or to per-

mit safe nonsurgical treatment such as stenting or irradiation (see Chapter 40, “Tracheal and Bronchial

Stenting” and Chapter 41, “Radiation Therapy in the Management of Tracheal Cancer”). For the first pur-

pose, I prefer rigid bronchoscopy. For therapeutic purposes, the rigid instrument is essential. Hopkins tele-

scopes used through the rigid bronchoscope provide a magnified image, which is very much clearer opti-

cally than that provided even with improved flexible fiber optics. This provides precise delineation of the

extent of glottic and subglottic injury and of the tracheal lesion. Measurements of distances between major

normal and pathologic landmarks are more accurately made with the rigid bronchoscope. Furthermore,

the rigid bronchoscope affords better control of the airway while these observations are being made. The

flexible bronchoscope is useful for visualization and for diagnostic maneuvers such as biopsy, brushing, and

aspiration. It is especially useful for precise positioning of endotracheal tubes, guiding catheters or stents

for intraoperative localization of lesions, and for examination of a new anastomosis.

Usually, radiologic examination of the airway precedes bronchoscopy. These images serve as a road

map for the bronchoscopist. Obviously, there are cases of suspected airway obstruction where bron-

choscopy is done initially and sometimes urgently. If significant obstruction is identified, it is preferable

not to instrument the lesion unless urgently required to, in order to avoid precipitating acute obstruc-

tion, unless the operator is prepared to proceed with whatever is necessary to relieve the obstruction,

either by endoscopy or surgically. Definitive endoscopic examination is best accomplished under gener-

al anesthesia with rigid instruments, and most often immediately before a surgical operation to correct

the lesion. This avoids any hazard of precipitating obstruction during diagnostic examination and avoids

a second anesthesia. Definitive histologic diagnosis may be obtained prior to resection by dependable

frozen sections from the generous biopsies permitted via rigid bronchoscopy. A limited lesion that clear-

ly needs resection may not require preliminary biopsy. Control of post-biopsy bleeding under general

anesthesia with a rigid bronchoscope in place has, in our hands, never presented a major problem. If this

were to occur, tamponade with a cuffed endotracheal tube should provide control, followed if need be

by surgery. Lesions that appear excessively vascular on telescopic examination should best not be biop-

sied. Aneurysmal vessels or hemangiomatous appearance are indications for angiography.

Bronchoscopy, as a separate procedure prior to surgery, is justifiable where the lesion is particularly

complex and requires special planning, where reparative or extirpative surgery seems highly unlikely, if the

patient will require a prolonged period of preparation for surgery, or if frozen sections are unlikely to define

the type or extent of an unusual tumor.

Virtual bronchoscopy using three-dimensional reconstruction from helical computed tomography

images offers a noninvasive technique for initial evaluation of tracheal or bronchial lesions, but it does not

replace the refinement and precision of an actual bronchoscopy.1



Therapeutic bronchoscopy for obstruction can be a critical procedure and is discussed in Chapter 19,

“Urgent Treatment of Tracheal Obstruction.” I do not believe a surgeon should attempt tracheal recon-

structions unless he is competent in and equipped to perform rigid bronchoscopy.

Esophagoscopy

This technique is performed when any preceding imaging studies, usually with relation to a tumor, indicate

deformation or possible involvement of the esophagus. Often, tumors deform the esophageal wall without

actually extending into or through the mucosa. Nonetheless, it is wise to add esophagoscopy, following

bronchoscopy. Esophagoscopy may be useful to visualize tracheoesophageal fistulae after first examining the

defect bronchoscopically. In the rare patient with a concomitant esophageal stricture at the level of a tracheal

stricture, or with an unrelated distal stricture, these lesions should be evaluated, and if necessary, dilated.

Mediastinoscopy

This procedure has shown little value for evaluation of primary tracheal tumors, particularly adenoid cys-

tic carcinoma. The finding of involved lymph nodes adjacent to the tumor on one or both sides of the tra-

chea does not make a patient unsuitable for surgical resection. These paratracheal lymph nodes are the first

regional lymph node stations involved by a tracheal tumor and do not seem to carry the same significance

for adenoid cystic carcinoma of the trachea as they do for carcinoma of the lung. I consider these to be N1

nodes with respect to a tracheal tumor. If the primary tracheal tumor is large, and invasion of other medi-

astinal structures is suspected, then mediastinoscopy may be performed immediately prior to a planned

exploration for resection under the same anesthesia. Surgical planes will thus not be confused by

inflammatory scarring, which results if resection is delayed following mediastinoscopy.

Histologic information from mediastinoscopy is obtained by frozen section. This permits surgeons

with final responsibility for tracheal or carinal resection and reconstruction to make their own decisions,

and to operate in a freshly dissected field, where iatrogenic changes do not confuse basic pathology.

Mediastinoscopy does not provide any better mobilization of the trachea than can be obtained by retro-

grade pretracheal dissection at thoracotomy.

In evaluating bronchogenic carcinomas that invade the main bronchus or carina, it is also preferable

to defer the necessary mediastinoscopy to the time of a potential carinal resection. If N2 lymph node

involvement is discovered, which might dictate delay for a program of adjunctive preoperative treatment,

consequent inflammatory changes must be accepted.

Techniques

This chapter assumes familiarity and competence with the endoscopic techniques and instruments dis-

cussed herein, including facile use of the rigid bronchoscope.

Laryngoscopy

If it is to be performed concurrently with rigid bronchoscopy, laryngoscopy is done first, almost always

under general anesthesia. Where laryngeal complexities are suspected or where it is possible that a laryn-

geal surgical procedure will have to be done at the time of the examination, or later as an independent but

preceding procedure, a consulting otolaryngologist should be present. Often, the consulting otolaryngolo-

gist will have examined the patient previously, and already have performed an indirect or flexible laryngos-

copy. We find the Holinger anterior commissure laryngoscope to be particularly useful for examining the

glottis and subglottic larynx under anesthesia (Figure 5-1A). The Lewy suspension apparatus is frequently

useful (Figure 5-1B). Anesthesia or ventilation may be easily maintained by intermittent placement of an

endotracheal tube through the laryngoscope. Hopkins optical telescopes provide a clear, magnified view
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through the laryngoscope. Minor laryngeal procedures, such as removal of vocal cord polyps or granulo-

mas, or even division of a posterior commissural stricture between the arytenoids, may be accomplished at

this time. If considerable manipulation is required, it is preferable not to proceed at once to a further tra-

cheal procedure, since glottic edema may become a problem postoperatively. In this way, tracheostomy may

be avoided.

If the laryngeal lesion is of great complexity, such as a complete subglottic stenosis that will require

laryngofissure and stenting, the patient may be transferred to the care of the otolaryngologist until that

problem is resolved. Endoscopic examination may reveal details that were not evident from radiologic

images, particularly in a high subglottic laryngotracheal lesion. I prefer to be certain that a complex laryn-

geal reconstruction has truly succeeded before proceeding to an extended tracheal or laryngotracheal

reconstruction. Such patients often already have a distal tracheostomy in place, which is removed at the

time of the subsequent reconstruction.2 Maddaus and colleagues preferred to perform repair of both

lesions concurrently, establishing a prolonged tracheostomy with stent placement for later removal.3

FIGURE 5-1 A, A Holinger anterior
commissure laryngoscope, especially
useful for direct visualization of the
glottis and subglottic larynx. B, The
Lewy suspension apparatus in use. The
angle of the laryngoscope is fully
adjustable.

A

B



Rigid Bronchoscopy

This technique best entails general anesthesia, which may be given safely even in the face of severe airway

obstruction (see Chapter 18, “Anesthesia for Tracheal Surgery”). Numerous techniques have been described

for the anesthetic management of rigid bronchoscopy under general anesthesia, including jet ventilation.

I have found the Jackson ventilating bronchoscope, with a side port for attachment of an anesthesia tube

and window eyepiece or telescopic gasket, to be highly satisfactory. The surgeon must be on hand during

induction of anesthesia, especially when there is any degree of airway obstruction. Equipment for relief of

obstruction must be immediately available if obstruction is present, and the anesthetist must have confi-

dence that the surgeon can establish an airway at any moment. This presupposes complete competence in

rigid bronchoscopy, which unfortunately seems in danger of becoming a lost art.

Our bronchoscopic set-up for examination of an adult includes 7, 8, and 9 mm rigid Jackson ventilat-

ing bronchoscopes (Figure 5-2). The tips of these bronchoscopes are oblique with rounded edges, and are eas-

ier to introduce through a tight stenosis or past a tumor than are the spade-like tips of the Storz instruments,

which may also elevate a flap of mucosa (Figure 5-3). A large bore suction tip must be available. The Storz

Hopkins telescopes are introduced through adapters placed over the open end of the rigid bronchoscope to

provide a seal and permit ventilation (see Figure 5-2). When the telescope is not in place, a window cap is

placed over the proximal end of the bronchoscope. Also available in the endoscopic room or immediately

adjacent should be a kit of sterile pediatric Jackson rigid bronchoscopes of the following sizes: 3.5, 4, 5, and 

6 mm. These may be used serially to dilate tightly stenotic lesions, as described in Chapter 19, “Urgent Treat-

ment of Tracheal Obstruction.” The Storz pediatric bronchoscopes are superb for diagnosis in children, but

for dilation, the tip of the Jackson pediatric bronchoscope is preferable. If it is known that a high degree of

obstruction is present, these bronchoscopes should be on the instrument table initially, along with selected

small bougies (see Figure 19-1 in Chapter 19, “Urgent Treatment of Tracheal Obstruction”).

Even if the patient has a preexisting tracheostomy, bronchoscopic examination is commenced

through the mouth, passing the rigid bronchoscope into the larynx and through the glottis as far distally as
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FIGURE 5-2 Basic equipment for a rigid bronchoscopy. From top to bottom: A, Jackson bronchoscope (Pilling) with a ventilatory sidearm and
eyepiece cap at the right. Bronchoscopes of internal diameter 7, 8, and 9 mm are routinely provided for adult examination. B, Metal cen-
timeter ruler. C, Storz Hopkins telescope with a “gasket” to seal the bronchoscope. Telescopes of 0˚, 30˚, and 90˚ are made available in the kit.
D, Adequate large-bore suction tip, especially useful for brisk or massive hemoptysis, thick secretions, biopsy, or coring-out procedures.
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is easily permitted. This provides a picture of the anatomy of the entire airway and more precise measure-

ments of lengths of lesions and normal structures. If the obstructing lesion is not densely fibrotic, or if it is

a tumor, then the bronchoscope is passed beyond the lesion. If the lesion is densely stenotic, particularly if

it involves the subglottic larynx, or if there is discontinuity between the proximal airway and the more dis-

tal trachea, as occurs sometimes with postintubation stenoses or after trauma, then maximum information

is obtained by examining the airway up to the point of obstruction, followed by completion of the exami-

nation of the distal trachea through the tracheostomy present.

Once the bronchoscope is passed and the airway is cleared of secretions (which may pool distal to a

partially obstructing lesion), and also cleared of blood that may be incited by the examination, the 0˚ tele-

scope is used first for visualization. Desired information about the larynx includes 1) status of both the

structure and function of the glottis, including vocal cords, arytenoids, and the anterior and posterior com-

missures; and 2) airway diameter, deformities, stenosis, inflammation, edema, or involvement by tumor of

the subglottic larynx down to the inferior margin of the cricoid cartilage.

The cricoid cartilage may be directly visualized, if not altered by pathology. It presents as a broad ring

immediately above the narrower tracheal rings (Figure 5-4). If pathology has blurred this differential, gen-

tle external pressure on the palpable cricoid cartilage by the bronchoscopist’s finger, while looking through

the 0˚ telescope, usually defines the exact level. For greatest precision, a no. 25 hypodermic needle may be

passed through the skin and wall of the trachea or larynx, just below the cricoid, and its entry point into

the airway noted. In adult males of average size, an 8 or 9 mm bronchoscope (40 cm long) is used initially.

In smaller males or in females, the 7 mm bronchoscope is used initially. For visualization and manipula-

tion of upper tracheal lesions (such as injection of triamcinolone or Depo-Medrol into lesions with special

long hypodermic needles), a 9 mm bronchoscope, which is only 25 cm long, is useful (Figure 5-5).

After the larynx has been fully examined, the bronchoscope is passed distally, observing the tracheal

configuration in anteroposterior and lateral directions and for abnormalities in the cartilaginous architec-

ture. The membranous wall is characteristically smooth. The mucosa is examined for inflammation, easy

bleeding or increased vascularity, extrinsic or submucosal deformities, and mucosal lesions. Areas of mala-

cia can sometimes be detected, assisted by gentle palpation in the neck or by observing collapse with respi-

ration as the patient’s anesthesia is lightened. Malacia is better identified with the flexible bronchoscope

FIGURE 5-3 Comparative tips of Jackson (above) and
Storz (below) rigid bronchoscopes. The Jackson model
is more easily introduced into a tightly stenotic lesion
with a rotatory motion than the Storz model, with its
more shovel-like tip.
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FIGURE 5-4 Endoscopic delineation of the border between
the inferior margin of cricoid cartilage and the uppermost
tracheal rings. The cricoid is very broad compared to the nar-
row tracheal rings below. Bronchoscopic measurements of the
tracheal length accurately use this point proximally. Howev-
er, if the cricoid is indistinct or obscured by pathologic
change, the glottis is used as the proximal landmark, but the
approximate length of the subglottic larynx (to bottom of
cricoid) must be subtracted to obtain the tracheal length.

FIGURE 5-5 Equipment for intralaryngeal or intratracheal injection. A no. 20 needle with no. 25 tip is long enough to reach through an adult
rigid bronchoscope (8 mm, 40 cm shown). A tuberculin syringe is necessary to develop sufficient pressure to inject fluid via the long needle
with this fine tip. Also shown is a short bronchoscope (9 mm, 25 cm) to facilitate access to laryngeal and subglottic areas.
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under topical anesthesia so that the patient may cooperate in maneuvers that emphasize collapse, usually

cervical inspiratory collapse or intrathoracic expiratory collapse. Complete bronchoscopic examination to

segmental levels is particularly important in patients with squamous cell cancer of the trachea, since they

may well have concurrent squamous cell lesions of the aerodigestive tract. A flexible bronchoscope is easi-

ly passed through the telescopic “adapter” via the rigid bronchoscope to complete a distal survey of seg-

mental bronchi. These patients also deserve complete endoscopic examination of the pharynx and esoph-

agus, in addition to laryngoscopy and bronchoscopy.

The endoscopist should be familiar with normal and abnormal variations in the trachea (see Figure

1-2 in Chapter 1, “Anatomy of the Trachea”). Sabre-sheath trachea has been mistakenly identified as steno-

sis (see Chapter 14, “Infectious, Inflammatory, Infiltrative, Idiopathic, and Miscellaneous Tracheal

Lesions”). Tracheopathia osteoplastica is very rare and may not be recognized when observed (see Chapter

15, “Tracheobronchial Malacia and Compression”). Findings in children and in congenital lesions of the

trachea are described in Chapter 6, “Congenital and Acquired Tracheal Lesions in Children.” Even the most

severe deviations of the trachea due to extrinsic pressure, as seen with huge substernal and intrathoracic

goiters, usually allow easy passage of a rigid bronchoscope (see Chapter 15, “Tracheobronchial Malacia and

Compression”). The trachea widens and straightens out as the rigid bronchoscope is passed. Normal con-

traction of the posterior membranous wall, and its protrusion forward in response to cough, either in the

awake patient or under lightened anesthesia, should not be confused with malacia. Pulsatile compression

should especially be noted. Pulsation and extrinsic deformation is commonly seen in the left lateral wall of

the lower trachea due to the adjacent aorta.

Bronchoscopes should not be pushed through a fibrous stenotic lesion with excessive force. Dila-

tion should be carried out systematically (see Chapter 19, “Urgent Treatment of Tracheal Obstruction”)

to avoid splitting or perforating the tracheal wall proximal to the tough fibrous stricture of a post-

intubation stenosis. In the case of tumors, one can always initially pass the rigid bronchoscope beside the

tumor, on the side where tumor is not attached to the tracheal wall, no matter how complete the obstruc-

tion appears to be. Cartilage will yield and permit the bronchoscope to pass, partly displacing the tumor.

The bronchoscope can be passed through the center of the circumferential tumor, carefully following

even a tiny opening. A small bougie can serve as a guide. Cardiopulmonary bypass has been unnecessar-

ily employed to resect tumors that appear to be causing nearly complete obstruction. A severely obstruct-

ing tumor can be cored out using the rigid bronchoscopes, with additional trimming done with biopsy

forceps (see Chapter 19, “Urgent Treatment of Tracheal Obstruction”). The technique is so simple that

we have found it unnecessary to use the laser for this purpose.4 Bleeding has not been a problem, despite

cautions and alarms cited as rationale for laser removal of obstructing tumor. I routinely measure find-

ings, including the location of normal structures and of the upper and lower limits of lesions. This is per-

formed by difference, as illustrated in Figure 5-6. Systematic measurement is begun with the tip of the

bronchoscope touching the carina, as seen through the 0˚ telescope, which is kept just proximal to the tip

of the bronchoscope. Measurement is made of the distance from a selected point on the upper teeth or

gingival ridge to a fixed point at the hub of the bronchoscope, using a centimeter rule. The bronchoscope

is then withdrawn until its tip is at the lower border of the lesion. Measurement is again made at this

point and is repeated with the bronchoscope’s tip at the upper border of the lesion. Other points also

noted are the location of a tracheal stoma, the level of the inferior margin of the cricoid cartilage, and

the level of the vocal cords. Distances are obtained by subtraction from the figures recorded (Figure 5-7).

Even with the most meticulous measurement, such figures are accurate only to about 0.5 cm because of

the imprecise level of points of measurement and the flexibility of tissues. I find it helpful to construct a

diagram of the airway and its lesions (see Figure 5-7F). It is posted in the operating room for reference

and a copy is recorded in the patient’s chart.
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FIGURE 5-6 Localization and measurement of the length of components of the upper airway and of a lesion. A telescope is just within the
bronchoscope to locate the tip of the bronchoscope precisely. A, With the tip of the bronchoscope at the carinal spur, distance is measured and
recorded between the incisor teeth (or upper gingival ridge) and a proximal fixed point on the bronchoscope. Similar measurements are made
with the bronchoscopic tip successively at the lower edge of the lesion (B), the upper edge of the lesion (C), the lower edge of the cricoid (D),
and/or at the vocal cords. E, Recording of measurements and approximate lengths (by subtraction).
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FIGURE 5-7 Quantitative recording of tracheal pathology. A, Tomo-
graphic cut of a trachea with the tracheostomy tube in place, stenosis
and granuloma below (between arrows), a widened tracheal segment
below this, and a short distal normal segment above the carina. This is
a road map for the bronchoscopist. Bronchoscopic views correspond.
View at: B, glottis (arrow) to site of stoma; C, stoma with tube in place;
D, stenosis distal to stoma; and E, malacic and dilated trachea below
stenosis with carina distantly seen. F, Diagram sketched in the operat-
ing room, from bronchoscopic measurements, using a marking pen on
glove paper. Noted are the distances between vocal cords and tra-
cheostome (dotted lines; 1 cm), stoma and stenosis (1.5 cm), length of
stenosis (2.5 cm), and distal trachea from stenosis to carina (4 cm).
A granuloma is roughly outlined above the stenosis, and stippling dis-
tal to the stenosis locates malacia above a few remaining, relatively
normal tracheal rings. The outlines at the left represent configuration
of this severely damaged trachea at levels where they were observed.
Total tracheal length is about 8 cm.

A

B C

ED

F



During or following extensive rigid laryngoscopy and bronchoscopy, especially if manipulation has

been necessary, Decadron is administered for 24 to 48 hours, beginning intraoperatively, in an effort to

minimize edema. Racemic epinephrine is also often added.

Flexible Bronchoscopy

The flexible bronchoscope does not replace the rigid instrument in diagnosis nor in management of airway

lesions, but it is a very useful adjunctive tool. It should be used liberally by pulmonologists to rule out organ-

ic obstruction in patients thought to have “adult onset asthma,” to clarify the origin of hemoptysis (howev-

er minor), and to investigate the possible causes of recurrent or unyielding volume loss, atelectasis, or pneu-

monitis. Intubation, for any reason, is facilitated by using the flexible bronchoscope as a guide. Difficult

intubations are made simple in this way. Traumatic tracheal separation may respond to this technique.

Rigid bronchoscopy is truly impossible in only very few patients. Examples included 2 patients with

achondroplastic dwarfism with prognathous jaws, which produced a deep right angle between the orophar-

ynx and the trachea. Another patient suffered severe fixed cervical deformity as a result of radical neck

surgery and remote high-dose irradiation. In such patients, only flexible bronchoscopy is possible. If gen-

eral anesthesia is elected, intubation may be avoided by passing the flexible bronchoscope through a laryn-

geal mask airway (Figure 5-8A).5

The flexible instrument may be used with the sealing cap used for telescopes through a rigid bron-

choscope, in order to expand examination to include segmental bronchi. It is also introduced via an adapter

through an endotracheal tube to identify a precise point in the airway during surgery (Figure 5-8B). If nec-

essary, the endotracheal tube is partly withdrawn and the bronchoscopic light transilluminates the trachea

to the operative field (with operating table lights deflected). Thus, the extremities of a postintubation

stenosis, not clearly defined visually from the outside of the trachea, can be identified precisely. The sur-

geon passes a no. 25 needle through the tracheal wall into the lumen, and the needle is adjusted precisely

by bronchoscopic confirmation (see Figure 24-10 in Chapter 24, “Tracheal Reconstruction: Anterior

Approach and Extended Resection”).

The flexible bronchoscope is also invaluable in placing and replacing either double or single lumen

tubes in the left or right main bronchus during bronchial or carinal resections. A pediatric flexible bron-

choscope can be passed through one of the channels of a double lumen tube. Tracheobronchial anastomo-

sis can be examined intraoperatively in this way. Correction of postpneumonectomy syndrome, of splint-

ing procedures for tracheobronchomalacia, and assessment for malacia after excision of huge compressive

goiters are established by repeated intraoperative flexible endoscopy. Transillumination may help to iden-

tify the location of a bronchial stump, in the event of a chronic bronchopleural fistula being buried in

dense, irradiated mediastinal cicatrix. Flexible bronchoscopy has become our routine method for exami-

nation of an anastomosis, prior to discharge of a patient recovering from tracheal reconstruction. It is

much more dependable than any other imaging technique for the early identification of anastomotic

defects of any type.
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FIGURE 5-8 A, Laryngeal mask airway
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Congenital and Acquired 
Tracheal Lesions in Children
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Congenital tracheal lesions are rare, and acquired tracheal lesions in children are also relatively uncommon.

Experience in their management is consequently quite limited and widely dispersed. The small diameter of

the juvenile trachea can easily become obstructed following surgery. One millimeter of subglottic swelling

can reduce a newborn airway to one-third of its normal cross-sectional area. The danger of separation or

stenosis is increased after reconstruction, because the delicate structure of the tracheal wall tolerates anas-

tomotic tension less well. The great length of many congenital lesions prohibits resection and presents spe-

cial problems in correction. Earlier concerns about tracheal growth following anastomosis have been allayed

by experimental and clinical observations.

Embryology of the Trachea

The laryngotracheal groove or sulcus appears in the proximal foregut at the third week (3 mm embryo, stage

10).1 The laryngotracheal groove progresses caudad and the lateral ridges progress cephalad to form the pri-

mordium of the trachea (Figure 6-1). The pulmonary primordium appears and bulges ventrally from the

foregut. Complete separation of trachea and esophagus occurs by 11 to 14 mm (sixth week). The tip of the tra-

cheal primordium buds asymmetrically, left and right, at the 4 mm stage, to provide bronchial primordia.

Mesenchymal proliferation by cells lining the coelomic cavity provides the tissue from which cartilage, mus-

cle, and connective tissue will develop. Epithelial–mesenchymal interrelationships are essential for bronchial

and pulmonary development to occur. The tracheal bifurcation moves gradually downward from the neck to

the level of the fourth vertebra. Cartilage appears in the trachea at 10 weeks.

When the laryngotracheal groove appears, the forerunner of the glottis also appears as a median slit

in the pharyngeal floor between the fourth and sixth branchial arches. The epiglottic primordium lies ante-

riorly and the arytenoid swellings lie laterally prior to their more medial migration. Ventricular buds are

solid at first. A T-shaped slit appears, which opens into a lumen by the eighth week. Vocal cords are seen at

3 months. Thyroid and cricoid cartilages appear between 5 and 7 weeks. The laryngeal cartilages derive from

the fourth and fifth arches.
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Failure of complete separation of the foregut into respiratory and alimentary components is the most

common defect and produces tracheoesophageal fistula (TEF). At the upper end, the larynx may fail to

reopen, producing atresia (a fatal anomaly), or it may fail to form a complete posterior septum, producing

a laryngotracheoesophageal cleft. Tracheal atresia, stenosis, esophageal atresia, and tracheoesophageal fis-

tula occur more distally. The relatively separate processes of laryngeal development and budding of bronchi

and pulmonary development allow for malformations of the trachea, such as agenesis and stenosis in the

presence of a normal larynx and bronchial tree.

Congenital Lesions

Tracheal agenesis or atresia is usually fatal at birth. The larynx may form normally. The lungs may or may

not be normal, and with or without bronchial communications to the esophagus (Figure 6-2). These mal-

formations are extremely rare. The most common presentation is with normal bronchi, communicating

centrally to the esophagus.2 Other congenital anomalies are common in these patients. Fonkalsrud and col-

leagues described a newborn of type C, who survived for a short term by using the esophagus as an airway.3

A major bronchus may also communicate directly with the esophagus while the balance of the lung is

served by anomalous bronchi from a partly stenotic trachea. Microgastria is a common concomitant fea-

ture. No systematic surgical treatment has evolved, doubtlessly due to the rarity and variations in the

anomalies as well as the complexity of the defects.

Hiyama and colleagues described two such patients in whom diagnosis was suspected due to respi-

ratory distress without audible cry and difficulty in intubation.4 One infant was successfully treated by the

FIGURE 6-1 Development of larynx and trachea at about
the sixth to eighth weeks. The laryngeal slit lies in the floor
of the pharynx. Numerals indicate arches. The foregut is
separating into the trachea and esophagus. Stem bronchi
and branches are present. Specific stages are altered to
show general relationships. Adapted from Gray SW and
Skandalakis JE.1



following procedures: gastrostomy and abdominal esophageal banding, translaryngeal and esophageal ven-

tilation by endotracheal tube, tracheostomy and later T tube, pharyngeal sump drainage followed by estab-

lishment of cervical esophagostomy (proximal tracheal segment present), and esophageal reconstruction

by colonic interposition at age 3.

In the more common anomaly of tracheoesophageal fistula, the tracheal problem is usually managed

by division and closure of the communication. Congenital TEF and the complexities of esophageal atresia

have been well described and categorized. The reconstructive challenge is principally esophageal, and con-

genital TEF is not further detailed here. Rarely, there is accompanying tracheal stenosis. Adjacent local tra-

cheomalacia, especially after repair of TEF, may cause respiratory problems, and is described later. Less

commonly found is an H-type congenital tracheoesophageal fistula without concomitant esophageal atresia,

often high in the trachea and usually small in diameter. It is sometimes discovered in the adult and is usu-

ally managed by transcervical division and closure (Figure 6-3).5,6 Coughing is the usual symptom, espe-

cially after ingestion of liquids. A large fistula may be treated by limited tracheal resection and anastomo-

sis, with esophageal closure.

Congenital fistula between biliary and respiratory tracts is extraordinarily rare.7 Respiratory problems

begin with cough and progress to intractable pneumonia. The most common location of the fistula is at

the carina, but right and left main bronchial connections have been noted. Yellow fluid is identified bron-

choscopically. Contrast will identify a long paraesophageal tract connecting to a hepatic duct. It has also

been seen in a young adult.8 Excision of the intrathoracic segment with closure at the carina (or bronchus)

and at the diaphragmatic level cures the problem.

Congenital bronchoesophageal fistula is a rare anomaly with fewer that 150 cases reported (see Chap-

ter 12, “Acquired Tracheoesophageal and Bronchoesophageal Fistula”).9 Symptoms may not occur until
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FIGURE 6-2 Tracheal agenesis, redrawn according to Faro and colleague’s classification.2 In addition to types diagrammed, type A (8%) shows
total pulmonary agenesis and type G (5%) has short segment tracheal agenesis. In type B, both main bronchi connect to esophagus separately,
whereas in type C, bronchi are fused but a bronchoesophageal fistula (BEF) is present. Type D additionally has an atretic band (dashed line)
from larynx to BEF. Type E has a tracheoesophageal communication, but in type F, communication with the esophagus is absent. Distribution
of types in Faro and colleague’s collected series of 39 patients is noted.
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later in life (reported from age 9 to 83 years) but 25% of cases present before age 17. These fistulas connect

to the middle or lower esophagus, from right upper lobe, from left lower lobe, from bronchus intermedius,

from right middle or lower lobe, and from left upper lobe. The fistula usually slopes downward from the

bronchus to esophagus, perhaps accounting in part for the lack of earlier symptoms, but it may also con-

nect from a small diverticulum of esophagus, or on the pulmonary side, to a cyst or to a sequestrated lobe.10

(See Figure 12-10 in Chapter 12, “Acquired Tracheoesophageal and Bronchoesophageal Fistula.”) Cough,

especially after drinking, is the most common symptom, with respiratory infection and hemoptysis, and

even hematemesis (seen less often). Barium esophagogram is the most accurate method of diagnosis.

Endoscopy or bronchography are less helpful. Methylene blue in the esophagus aids bronchoscopic identi-

fication. The condition is permanently corrected by surgical excision and closure of the fistula, with inter-

position of healthy tissue between the bronchus and esophagus. Chronic pulmonary infection may dictate

limited resection of the lung (see Chapter 12, “Acquired Tracheoesophageal and Bronchoesophageal Fistu-

la” and Chapter 26, “Repair of Acquired Tracheoesophageal and Bronchoesophageal Fistula”).

A very rare anomaly is the laryngotracheoesophageal cleft. Varying degrees of incompleteness of the

wall between the larynx and trachea and the esophagus present (Figure 6-4).11,12 A minor interarytenoid

cleft reaching through cricoid cartilage, a deeper defect reaching to the upper trachea, and a complete cleft

extending to the carina have been designated as types I, II, and III, respectively.11 Ryan and colleagues added

type IV, where the defect extends into both main bronchi.12 Type I may not require repair. Type II has been

repaired through laryngofissure or cervical or cervicomediastinal approach. Types III and IV are best

approached laterally transcervically and transthoracically (see Chapter 33B,“ Repair of Congenital Tracheal

Lesions: Larynogotracheoesophageal Cleft Repair”). Donahoe and Gee first successfully repaired a type III

cleft, with long-term survival.13

FIGURE 6-3 H-type tracheoesophageal fistula in a 49-year-old woman. A, Fistula
demonstrated (arrow) by barium contrast swallow. The trachea is clearly outlined.
B, Computed tomography scan showing the small fistula. The fistula was divided and
repaired easily through a low collar incision. Also, see Figure 6-21B. (Courtesy of Dr.
Hon Chi Suen.)
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Tracheal webs sometimes occur in the neonatal and juvenile trachea at the cricoid level. Laryngeal

webs at the glottic level are more common. The tracheal web does not involve any significant length of air-

way and is consequently usually treated endoscopically (Figure 6-5). Congenital cartilaginous cricoid

stenosis is an extremely rare lesion.14 Subglottic stenosis is more common as a consequence of postintuba-

tion injury. Other purely laryngeal congenital lesions, such as glottic and subglottic stenosis and atresia, are

not considered here.

Segmental or diaphragm-like congenital main bronchial stenosis, principally on the right, has been

very rarely encountered.15 Segmental bronchial resection or even wedge resection in the instance of a thin

web is an effective treatment. In the latter case, bronchoscopic management might be considered.

Congenital tracheal stenosis has been classified into three principal types: 1) generalized hypoplasia, 2)

funnel-like narrowing, and 3) segmental stenosis (Figure 6-6).16 The stenotic segment is most often composed

of completely circular “O” rings of cartilage (Figure 6-7). Alternatively, disorganized cartilages, ridges, or

plates of cartilages may occur (Figure 6-8). In type I, the larynx is of normal diameter but the entire trachea,

or much of the trachea, is narrowed (1 to 3 mm diameter in the newborn) to a point just above the carina.

The main bronchi are often normal in diameter, but may be more transverse than usual and frequently

malacic. In some cases, the bronchi are also stenotic and composed of “O” rings of cartilage. In type II, the

trachea begins with normal diameter, but then funnels down over a variable length to a tight stenosis. The

location of the funneling and of the tight stenosis varies widely. It may be located proximally with a more dis-

tal normal segment. In many cases, the stenosis is long, involving more than half of the trachea. In type III,
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FIGURE 6-4 Laryngotracheoesophageal cleft of increasing severity. Posterior view, with esophageal wall opened to show extent of
cleft. Based on Petterson’s classification.11 Adapted from Ryan DP et al.12
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FIGURE 6-5 Congenital web at cricoid level. The arrow
marks the thin mucosal structure.

FIGURE 6-6 Congenital tracheal stenosis. General categories of stenosis are diagrammed. Types I–III redrawn from Cantrell JR and Guild HC.16 A,
Type I: All or most of the trachea is stenosed. B, Type II: Funnel stenosis variously located and of variable length. C, Type III: Short segmental steno-
sis, sometimes below an anomalous right upper lobe bronchus. D, Type IV: Anomalous right upper lobe bronchus with a “bronchus” to horizontal-
ly branching bronchi to the rest of the lung. The right upper lobe bronchus is at the normal carinal level. The bridge bronchus is stenotic, and lesser
stenosis may involve part of the trachea above. In some cases, the trachea is elongated as shown, but the upper lobe bronchus is absent. Circles indi-
cate locations of left pulmonary artery sling when present.
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segmental stenosis may occur at any level in the trachea and be of any length, but it occurs most often in the

lower trachea. Bronchial anomalies may be present, such as a misplaced right upper lobe bronchus (bronchus

suis), which takes off from the trachea above an area of segmental stenosis. Tracheal stenosis may also be pre-

sent above an anomalous right upper lobe bronchus, with tighter stenosis or “bridge bronchus” below the

lobar bronchus. The right main bronchial anomaly is also found as an isolated variant apart from congenital

stenosis, and is then usually closer to the carina. With some frequency, patterns are seen which manifest vari-

able groupings of funnel tracheal stenosis, bronchus suis, a “bridging bronchus” (often the most severely

stenotic segment), and distal branching into horizontal bronchi to right lower lobe and left lung, forming an

inverted “T” (Figure 6-9).17 The point of relatively transverse bronchial branching is held not to be the true

carina, because the trachea plus “bridging bronchus” to this point is much longer for age than normal and

contains many more rings than the normal trachea. These patients are more difficult to correct surgically than

patients with stenosis in a trachea with a more normal pattern. Repair is described in Chapter 33A, “Repair of

Congenital Tracheal Lesions: Tracheoplasty for Congenital Tracheal Stenosis.”

In over half of the patients, congenital tracheal stenosis may be accompanied by many other malfor-

mations, including cardiac anomalies, hyaline membrane disease, pulmonary anomalies, inguinal hernias,

imperforate anus, radial aplasia, and megaureters. Segmental stenosis of the distal trachea may be associat-

ed with an aberrant left pulmonary artery, the so-called “pulmonary artery sling” (“ring sling complex”)

(see Figure 6-9).18,19 The left pulmonary artery originates from the proximal portion of the right artery and

passes behind the trachea to the left lung (Figure 6-10). In this course, it indents, but rarely obstructs the
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FIGURE 6-7 Congenital tracheal stenosis with complete cartilage rings. A, Resected speci-
men of stenotic segment. The regular ring structure is evident. The ends flare toward nor-
mal diameters. B, Photomicrograph of cross section of trachea, demonstrating the complete
“O” ring of cartilage.
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esophagus. In most of these patients, completely circular “O” rings of cartilage are found in the stenotic seg-

ment. The length of tracheal stenosis most often extends beyond the region of the anomalous pulmonary

artery sling. Where stenosis is not present, there may instead be a malacic segment at the level of the

artery.19 The artery alone can also obstruct the right main bronchus.

Division of the anomalous pulmonary artery and reimplantation into the main pulmonary artery

anterior to the trachea fails to relieve the airway obstruction when stenosis or malacia are present.19,20 The

ligamentum arteriosum, which effectively makes this a ring, is also divided. Sometimes, it has been possible

to resect the stenotic tracheal segment and shift the artery anteriorly prior to anastomosing the trachea, as

suggested might be possible by Grillo.21,22 This is desirable because of a high rate of stenosis of reimplanted

FIGURE 6-8 Congenital stenosis with irregular, confluent
plates of cartilage, a very rare malformation. A, Resected speci-
men. Note the absence of visible rings externally, in comparison
with the usual structure of congenital stenosis shown in Figure
6-7A. A cross-sectional specimen below clearly shows complete-
ly circular cartilage. B, Luminal surface of A. Note the irregular
“haustra” of disordered cartilage plates covered with mucosa.
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pulmonary arteries in children. The anatomic disposition of the pulmonary arterial sling, however, does not

generally permit this transposition without division and reimplantation of the anomalous artery. The dis-

tortion of the artery may also compress the resected trachea and cause recurrent obstruction.23

Congenital tracheomalacia that is not the result of compression by vascular structures, by an extrin-

sic mass, or related to congenital TEF, occurs only rarely. It is infrequently documented in convincing fash-

ion. Primary congenital tracheomalacia is recognized early in life, sometimes in previously apparently

healthy infants. It is characterized by progressively noisy respiration, a “seal-bark” cough, episodic cyanosis,

increased respiratory rate, intercostal retraction, and stridor which is most noticeable on expiration.24,25

Symptoms worsen with agitation and respiratory infections. Apneic spells may occur. Fluoroscopy may be

of diagnostic help but bronchoscopy (preferably rigid) is the key diagnostic technique, showing tracheal 

narrowing from front to back, indistinct tracheal rings, and expiratory collapse of distal trachea and main

bronchi (Figure 6-11 and Figure 3 [Color Plate 12]). Symptoms of primary tracheomalacia often clear by

the second year of life, with stability of the trachea then seen on bronchoscopy. In severe cases, prolonged

stabilization of the airway is obtained by tracheostomy. Growth of cartilage eventuates in recovery in most

cases, in 2 or 3 years. In others, silicone stents (Y stent for lower trachea and main bronchi) can provide

long-term patency. Expandable stents are not advisable because of possible permanent tracheal injury and

growth problems.
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FIGURE 6-9 Congenital stenosis with associated
left pulmonary artery sling, the ring sling com-
plex. A, A short segment distal stenosis is present.
B, A bridge bronchus is adjacent to the anom-
alous artery. The apparent length of “trachea” is
much greater than that in A, and the bronchial
branching approximates an inverted “T.”
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Focal malacia may also occur in relation to a widened membranous wall or residual pouch after repair of

TEF and esophageal atresia (Figure 6-12). Defective cartilaginous rings may also be found at this level. Filler and

colleagues considered this association to be the most common cause of tracheomalacia in infants, although pre-

cise explanation is lacking.26 If severe collapse follows TEF repair, aortopexy may have to be considered.27 Since

gastroesophageal reflux can also be present, antireflux surgery may be needed. In a rare case, agenesis or hypopla-

sia of the right lung may result in mediastinal displacement and rotation severe enough to result in compression

of the remaining bronchus at its origin, which is analogous to postpneumonectomy syndrome (see Chapter 15,

“Tracheobronchial Malacia and Compression”).28,29

When a short segment of malacic trachea accompanies pulmonary artery sling rather than segmen-

tal congenital stenosis, it may be managed by tracheopexy (or aortopexy) in conjunction with division and

reimplantation of the anomalous left pulmonary artery.30

Laryngomalacia quite often causes inspiratory, fluttering stridor in the newborn, but usually corrects

itself in 1 or 2 years, although it may require tracheostomy—which in turn may lead to later tracheal steno-

sis. Since this book does not pretend to give comprehensive coverage of laryngologic problems, no more

will be mentioned of congenital laryngeal lesions such as absence or deformities of laryngeal cartilages,

cysts and laryngoceles, congenital nerve paralysis, or of hemangioma and lymphangioma of the larynx, the

latter an extension of cervical cystic hygroma.

Tracheobronchomegaly (Mounier-Kuhn disease) appears to be of congenital origin, but most patients

have not become overly symptomatic until midlife.31,32 Then, symptoms can often be traced back to youth.

It has also been discovered in children. The condition is very rare and thought possibly to be due to absence

FIGURE 6-10 Anatomic relationships with anomalous left pul-
monary artery sling. A, Anterior view showing the aortic arch and
ligamentum arteriosum. Note position of vagus and recurrent laryn-
geal nerve. B, Transverse-sectional view of the left pulmonary artery
sling behind the trachea. A = aorta; BC = brachiocephalic artery; 
E = esophagus; LCC = left common carotid; LPA = left pulmonary
artery; LS = left subclavian artery; PA = pulmonary artery; 
T = trachea; V= vagus nerve.
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of the trachealis muscle. The anterior tracheal wall may become indented as the rings fold backward (see

Chapter 15, “Tracheobronchial Malacia and Compression”).

Vascular rings are associated with tracheal and esophageal compression and, if of long enough dura-

tion, with tracheomalacia. Tracheal compromise is seen most commonly with double aortic arch, right aor-

tic arch with retroesophageal left subclavian artery and left ligamentum arteriosum, and right arch with

mirror image brachiocephalic artery and left ligamentum (Table 6-1) (Figure 6-13). The multiple 

patterns of vascular rings that occur have been well described and will not be cataloged here again.33,34

Right aberrant subclavian artery from left aortic arch may be associated with dysphagia due to esophageal

compression (dysphagia lusoria), but infrequently causes tracheal symptoms. Aneurysm of an aberrant

artery late in life, however, can cause tracheal compression.

In infants, severe respiratory symptoms may result from vascular rings, with stridor, “crowing,” and

repeated respiratory infections. Dysphagia and aspiration may occur. Diagnosis was traditionally made by

barium esophagogram. However, vessels are now identified by computed tomography (CT) with contrast

or by magnetic resonance imaging (MRI). Division of the ring and ductus or ligamentum arteriosum plus

excision of a Kommerell’s diverticulum, if present, usually serves to correct the basic constriction.35–39
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FIGURE 6-11 Congenital tracheomalacia causing difficulty early in life. Malacia of the lower 45% of the trachea and of the left main
bronchus was identified at 6 months. At age 12, a 12 mm silicone Y stent was placed to allow the patient to be more active. A 14 mm Y stent
was fitted at age 15. Minor granulation tissue in the left main bronchus was removed and that limb of a new stent was shortened at age 19.
The stent continues to be well tolerated. Resection and primary reconstruction would be too hazardous. The lack of visible cartilage discour-
ages posterior wall splinting, and the location deters the use of external circumferential splinting. A, Bronchoscopic view at carina. Note the
absence of a visible ring structure in the anterior tracheal wall. The left main bronchus shows collapse. The right maintains its patency.
B, Tomogram demonstrating lower trachea and left main bronchus, held patent by a silicone Y stent. Also, see Figure 3 in the Tracheobronchial
Endoscopic Atlas (Color Plate 12).
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An aberrant subclavian artery may be best divided and reimplanted or possibly just divided in an infant.

Continued tracheal obstruction after surgery may be due to malacia and require intubation or splinting.

This must be differentiated from residual obstruction due to an unresected aortic diverticulum or contin-

ued vascular compression, as described below.

FIGURE 6-12 Symptomatic tracheal diverticulum remaining after repair of a congenital tracheoesophageal fistula. Although the cartilagi-
nous rings were not malacic, the combination of a patulous membranous wall and a diverticular pouch created obstruction. A, Bronchoscopic
view of superior (arrow) and inferior lips of the wide-mouthed diverticulum, both of which extend obliquely across the field of view. The dis-
tal trachea is above and the patulous membranous tracheal wall below the slit-like mouth of the diverticulum (arrow). B, Diverticulum
exposed by sternotomy. Penrose drains encircle and retract the trachea, allowing the posterior diverticulum to protrude (arrows). Forceps
point to the diverticulum. A vascular loop encircles the brachiocephalic vein. The diverticulum was excised and the membranous wall was
closed in a linear fashion, pulling the splayed rings into normal configuration to provide a normal tracheal lumen. Symptoms were relieved.
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Table 6-1 Congenital Vascular Rings Which Obstruct Trachea

Anomaly

Right arch, retroesophageal Right arch, mirror image

Left subclavian artery brachiocephalic artery

Double aortic arch Left ligamentum arteriosum Left ligamentum arteriosum

Mayo Type33 IA IIIB IIIA

Reference

33 19 4 4

34 36 13 3

35 17 1 18

36 61 34 18

37 11 11 4

Total 144 63 47

% 57 25 18
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FIGURE 6-13 Principal vascular rings which may compress
trachea. A, Mayo type IA: double aortic arch, dominant right
arch. B, Mayo type III B1: right aortic arch, left ligamentum
arteriosum, retroesophageal left subclavian artery. C, Type
IIIA: right aortic arch, left ligamentum arteriosum, mirror
image left brachiocephalic artery. Ligamentum may connect
to the brachiocephalic artery or to the upper descending
aorta. Adapted from Stewart JR et al.33 A = aorta; E= esoph-
agus; LA = ligamentum arteriosum; PA = pulmonary artery;
RCC, LCC = right, left common carotid arteries; RS, LS =
right, left subclavian arteries; V = vagus nerve.
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A variant of vascular right tracheobronchial compression has been observed in a small number of

patients with right aortic arch and a right descending aorta, ligamentum arteriosum, and anomalous left

subclavian artery with a Kommerell’s diverticulum at its origin (Figure 6-14). The aortic arch may be high,

and bends sharply in a “hairpin” configuration as it descends either to the right of or directly over the ver-

tebral spine, leaving little space beneath the arch for the airway (Figure 6-15). All patients with this anom-

aly had chest wall abnormalities, which markedly narrowed the space between the sternum and vertebrae.

Previous division of the ligamentum, excision of the aortic diverticulum, and division of the anomalous

subclavian artery in some patients, in different combinations elsewhere, had failed to relieve airway com-

pression. Two patients who had failed to improve after the procedures mentioned above, obtained relief

only after division of the aortic arch with pexy of the ends following bypass grafting from the ascending to

descending aorta (see Chapter 32, “Surgery for Tracheomalacia, Tracheopathia Osteoplastica, Tracheal

Compression, and Staged Reconstruction of the Trachea”). In a third patient, division of ligamentum, exci-

sion of the aortic diverticulum, transposition of the aberrant subclavian, and arch aortopexy sufficed. This

was an initial corrective operation without prior surgery. If, however, severe malacia has already developed

in the compressed airway, additional measures such as tracheal splinting or resection may be needed.

A fourth patient with such malacia, after multiple prior operations, needed a tracheobronchial stent. These

problems appear to be highly individual. The general principle of correcting cardiovascular lesions as early

as feasible may offer the additional advantage of preventing severe tracheomalacia.

Backer and colleagues reported 8 children with a similar anomaly, who had recurrent respiratory

symptoms and/or dysphagia, despite prior division of a left ligamentum arteriosum in 7 of the children.40

All had a Kommerell’s diverticulum still present. Resection of the diverticulum and reimplantation of a

retroesophageal left subclavian artery into the left carotid artery relieved tracheal compression. The aorta

is presumed to have descended on the left in these patients and no chest wall deformity was described.

Konstantinov has noted, as we did, that symptoms are not always relieved by this limited procedure,

although he found this to occur primarily with an encircling right aortic arch which descended on the

FIGURE 6-14 Right aortic arch, right descending aorta, aber-
rant left subclavian artery, and Kommerell’s diverticulum. The
airway compression is not necessarily relieved by excising the
aortic diverticulum and transplanting the aberrant subclavian
because of the narrow space between ascending and descending
aorta. Left ligamentum arteriosum is usually present to the
diverticulum or LS. E= esophagus; PA = pulmonary artery;
RCC, LCC = right, left common carotid arteries; RS, LS = right,
left subclavian arteries.



left.41,42 Intraoperative bronchoscopy can monitor the degree of correction achieved by successive proce-

dures, beginning with lesser ones, as in one of our patients cited above.

Compression of the trachea by a prominent innominate artery has been relieved by pexy of the artery

and aortic arch to the sternum, leaving the trachea attached so that it is pulled forward and suspended.43,44

The validity of this diagnosis has been questioned, but there are instances of obstruction relieved by

surgery.45 The artery has been divided and reimplanted more proximally on the aorta to successfully

remove the point of tracheal compression and also the possibility of recurrence following suspension.46,47

Acquired Lesions 

Postintubation stenoses are preponderant among acquired airway lesions in children.48 Unfortunately, these

injuries include laryngotracheal stenoses resulting from the preferential use in this age group of endotra-

cheal tubes, often uncuffed, for ventilatory support. Laryngotracheal stenosis is much more difficult to cor-

rect than a purely tracheal lesion. In a study of 854 newborns who required intubation and ventilation

(1979–1983), Marcovich and colleagues discovered a 0.6% incidence of severe subglottic stenosis, where
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FIGURE 6-15 Tracheal obstruction by “hairpin” aortic arch: right aortic arch, right descending aorta, anomalous left subclavian artery orig-
inating from aortic diverticulum. A, Aortagram showing a high and narrow arch with a large Kommerell’s diverticulum (arrow) from which
the left subclavian artery originates. B, Computed tomography (CT) scan showing the trachea (arrow) compressed and displaced by the right
aortic arch. Note the short distance between the sternum and vertebral bodies. C, Postoperative CT after aortic bypass, division of arch, and
pexy of ascending arch by a Goretex sling (arrow) passed around an anterior rib. The tracheal lumen is widely opened.
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uncuffed, small diameter tubes had been used nasotracheally.49 As in adults, the length of the period of

intubation does not seem to be critical, although the period of risk is obviously greater with prolonged

intubation. The reported incidence of injury has varied widely, and it remains difficult to define specific

conditions that produce sufficient erosion to cause stenosis in one patient and not in another (see Chapter

11, “Postintubation Stenosis”).

Tracheostomy, used either by choice to limit the period of endotracheal intubation or as treatment

for laryngeal or subglottic obstruction resulting from endotracheal intubation, may produce its own

stenotic or other obstructive lesions in infants and children. The uses of carefully placed vertical incisions

in cartilage and specifically designed pediatric uncuffed tracheal tubes for tracheostomy in the infant have

reduced the incidence of stomal tracheal stenosis (see Chapter 10, “Tracheostomy: Uses, Varieties, Compli-

cations”). Obstruction also occurs, although less often, by compression deformity of the soft tracheal wall

of infants, just proximal to the stoma, due to pressure by the curvature of the tube. This is correctable by

use of T tubes, which, however, may be difficult to care for in infants due to their tiny diameter. Overall,

nasotracheal intubation has more often been selected for prolonged ventilation in these age groups.

A small number of postintubation tracheoesophageal fistulae have been seen, and, fortunately, only a

rare tracheo-innominate artery fistula (see Chapter 12, “Acquired Tracheoesophageal and Broncho-

esophageal Fistula” and Chapter 13, “Tracheal Fistula to Brachiocephalic Artery”). Post-traumatic stenosis

from external injury is uncommon except in older children. Stenosis due to inhalation burns is difficult to

treat because of the basic pathology of burned tissue (see Chapter 9, “Tracheal and Bronchial Trauma”).

Tumors, benign or malignant, occur uncommonly. In 198 primary tracheal tumors, only 4 were in

patients under the age of 10 years, and 8 occurred in patients between 11 and 19 years of age.50 These includ-

ed granular cell tumor, fibrous histiocytoma, neurofibroma, mucoepidermoid tumor, carcinoid (most com-

mon), adenoid cystic carcinoma, and rhabdomyosarcoma. Other tracheal tumors noted in childhood were

fibrosarcoma, squamous cell carcinoma, hemangiopericytoma, and chondroma. “Congenital” tumors com-

pressing the trachea or bronchi included cystic hygroma, hemangioma, teratoma, and thymic cyst.51

Recurrent respiratory papillomatosis due to the human papilloma virus causes wart-like excrescences

in the larynx and trachea, in children as well as in adults. Patients present with hoarseness, a weakened cry,

cough, respiratory infections, choking, and obstruction of progressive severity. The disease is vertically

transmitted in children. Present treatment is repeated laser vaporization. Multiple antiviral adjuvants have

been tried, including interferon. Although most children enter spontaneous remission, recurrences do

emerge. Malignant degeneration has rarely been reported in children.52

Hemangiomas of the airway are frequently associated with cutaneous hemangiomas of the chin, lips,

mandibular region, and neck.53 In the subglottic region, proliferation produces hoarseness and stridor. Respi-

ratory failure can follow, often at between 6 to 12 weeks of age. Management includes corticosteroids and tra-

cheostomy since the lesions usually regress spontaneously. Cryotherapy and laser therapy have been used, but

scarring and stenosis can follow, especially if the subglottic lesion is extensive.

Rarely, an extrinsic lesion such as a bronchogenic cyst or mediastinal tumor will produce compression

of the trachea or secondary malacia in early childhood.54 For example, apparent malacia over a long tracheal

segment, seen in a 21⁄2-year-old child, proved to be due to compression by a large thymic cyst (Figure 6-16).

Because of prolonged compression of the trachea by the cyst, which had apparently been present since birth,

removal alone did not immediately restore a satisfactory airway. Splinting with a tracheostomy tube was

required until the cartilages became firm with further growth. Rarely, a bronchogenic cyst at the carina may

produce compressive symptoms in children. Adenocarcinoma was discovered in the base of an obstructing

cyst in an 8-year-old girl, and curative carinal resection was secondarily performed (Figure 6-17).

Obstruction of the trachea or bronchi has resulted from infection with tuberculosis, histoplasmosis,

diphtheria, rhinoscleroma, and syphilis (see Chapter 14, “Infectious, Inflammatory, Infiltrative, Idiopathic,



and Miscellaneous Tracheal Lesions”). All except histoplasmosis (in adults) are vanishingly uncommon in

developed countries. Bulky tuberculous enlargement of mediastinal or hilar lymph nodes can compress

and erode the relatively soft trachea or bronchi of children.55 Subcarinal nodes are commonly involved.
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FIGURE 6-16 Thymic cyst compressing the trachea in a 21⁄2 -year-old
boy. A, The lateral roentgenogram demonstrates tracheal deforma-
tion. B, The cyst as it was being extracted from the mediastinum via
cervical incision.
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FIGURE 6-17 Computed tomography scan in an
8-year-old girl, showing a bronchogenic cyst
deforming the carina, but with irregular protru-
sion into the lumen, which proved to be adeno-
carcinoma in the base of the cyst. After secondary
carinal resection, she remained disease free in
16-year follow-up.
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Sequelae include pulmonary collapse or hyperinflation, airway perforation, bronchostenosis, and caval or

esophageal obstruction. Glandular enlargement can occur despite antituberculosis drug treatment, and

indeed has been observed to likely increase on initial treatment.

Surgical treatment is reserved for symptomatic patients. Acute obstruction may demand emergent

surgery. Enucleation and curettage of obstructing nodes and of caseous material, suture and muscle flap

repair of a bronchial opening, and conservation of all but destroyed lung are effective.56 Lymph node exci-

sion is avoided in order to minimize complications. Late fibrous bronchostenosis is best treated by segmen-

tal bronchial resection and anastomosis with preservation of the lung, unless it is irretrievably damaged.

Corticosteroids are unlikely to improve gross airway obstruction.

Pneumonectomy has become a rare procedure in childhood, so that postpneumonectomy syndrome,

once thought to occur principally in childhood, is now seen largely in adults (see Chapter 15, “Tracheo-

bronchial Malacia and Compression”).

Assessment

Clinical Findings

The diagnosis of congenital tracheal stenosis and other obstructive anomalies is based on a high degree of

suspicion in infants and children with respiratory distress. Inspiratory and/or expiratory stridor may be

present, accompanied by retraction. Recurrent or persistent cough and exercise intolerance occur. There

may be a history of respiratory difficulties of lesser intensity since birth, or shortly after birth, or of repeat-

ed and stubborn respiratory infections. Strangely, dyspnea may be episodic. Cyanosis and apneic episodes

may occur. In some cases, difficulty in intubation had led to the diagnosis. Late manifestations of congen-

ital stenosis may represent the child’s respiratory demands outpacing the ventilation permitted by the

stenotic airway. Only then may a clinical history be retrospectively traced to a much earlier time. Other

obstructive lesions are manifest in similar ways.

The clinical presentation of congenital TEF is described in Chapter 12, “Acquired Tracheoesophageal

and Bronchoesophageal Fistula.” Caution about delayed manifestation of small congenital H-type tra-

cheoesophageal fistulae and bronchoesophageal fistulae must be repeated.

Acquired stenosis due to intubation for ventilation is signaled by shortness of breath on exertion and

stridor in the wake of a history of intubation, usually for respiratory support, with or without tracheosto-

my. Children diagnosed with “asthma,” who fail to respond to treatment, must be suspected of an organic

airway lesion. If the child has been previously ventilated, the working diagnosis should be airway stenosis, until

proved otherwise.

Imaging

Air tracheograms and careful fluoroscopy provide precise information about the presence of an anomaly,

its location, and type (see Chapter 4, “Imaging the Larynx and Trachea”) (Figure 6-18). Contrast media are

usually unnecessary and may cause complications when used in tiny airways. Tomograms offer specific

additional detail, but in many hospitals are no longer available of useful quality. CT scanning provides pre-

cise information on the cross-sectional area and extent of lesions, with three-dimensional reconstruction

available. An advantage of spiral CT is the rapidity of examination, which is important in small children.

MRI offers similar information (Figure 6-19) and is especially useful to delineate associated cardiovascular

anomalies. The role of cardiac catheterization to delineate such lesions has thus diminished. MRI may be

difficult to accomplish in infants and small children. Angiography is also used less often, but it still provides

a “gold standard” for precise and complete delineation of vascular anomalies. Echocardiography is also very

helpful to identify cardiovascular anomalies. Left pulmonary artery sling must be identified preoperatively



because its approach and anesthesia can be different from that in a patient who has an isolated congenital

tracheal stenosis. Barium swallow is still an important diagnostic method in identifying a vascular ring or

aberrant subclavian artery.

If a child has a tracheostomy in place, it is preferable to obtain initial roentgenograms with the tube

temporarily removed, if the patient can and will tolerate removal. A physician who is able to replace the

tube promptly must be in attendance, with adequate preselected equipment on hand. Fistula to the esoph-

agus requires fluoroscopy, with careful administration of a small volume of contrast medium to judge the

exact location and approximate size of the communication. If a pulmonary artery sling has been previous-

ly corrected by reimplantation, a perfusion scan or pulmonary angiogram should be considered, since this

vascular anastomosis in infants has a tendency to stenose and, at best, perfusion will be diminished on the

left side. The information could be critical since operative correction of a tracheal stenosis might otherwise

be conducted with left main bronchial intubation, thus ventilating an unperfused or underperfused lung.

Endoscopy 

Careful use of a flexible pediatric bronchoscope can clarify much about a lesion. The bronchoscope should

not be passed into a tightly stenotic lesion in order to avoid causing edema and inflammation, which might

precipitate acute obstruction. Indeed, in a significantly symptomatic child, in whom the presence of steno-

sis is already known from radiologic study (even if definition is not wholly complete), bronchoscopy is usu-
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FIGURE 6-18 Imaging of congenital tracheal stenosis in an 11-year-old boy. A, The simple oblique roentgenogram shows the location
(arrow) and length of stenosis as well as the length of normal trachea from larynx to carina—all critical information for the surgeon.
B, Postoperative view of the same patient. Note the increased acuteness of the carinal angle.
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ally best deferred to the time of planned surgical repair. This also applies to less critical patients. Surgeons

must always do the bronchoscopy themselves, irrespective of any prior examinations.

Definitive bronchoscopy, ideally performed just prior to a planned surgical procedure for correction

of the lesion, is best accomplished with rigid Storz ventilating pediatric bronchoscopes. The 3.5 mm rigid

bronchoscope (OD 5.7 mm) will not pass through a tiny stenosis. However, either a flexible pediatric bron-

choscope (2.7 mm) or a long telescope (OD 2 mm) allows a more distal examination. These may be insert-

ed through a larger rigid (ventilating) bronchoscope seated proximally, or through a pediatric operating

FIGURE 6-19 Congenital stenosis in a 31⁄2-year-old boy. A, Sagittal magnetic resonance study showing narrowed supracarinal segment.
B, C, and D clarify tracheal diameters in a normal segment, at the beginning of cartilaginous “O” rings and at maximum stenosis.
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laryngoscope. Bronchoscopes should not be forced into a stenosis, nor should any attempt be made to

dilate the narrowing, if it is congenital. Ventilation is maintained by intermittent placement of an endotra-

cheal tube into the laryngoscope. Fine suction devices are necessary. Circular “O” rings of cartilage, found

in many cases of congenital stenosis, are clearly visible bronchoscopically, if looked for (Figure 6-20A and

Figure 1 [Color Plate 11]). Disordered or fused cartilages are present in congenital stenosis, but far less

often (Figure 6-20B and Figure 2 [Color Plate 11]). As in adults, the larynx must be examined, especially in

the presence of a postintubation lesion. The glottis is visualized in passing with the rigid bronchoscope and

telescope. However, the pediatric Holinger laryngoscope, used in conjunction with a telescope, provides a

superior view of laryngeal structures. If any complexity is identified, consultative examination by a pedi-

atric otolaryngologist is advisable. Cooperation in the initial endoscopic examination of these patients is

beneficial for all.

Tracheoesophageal fistula is identified in the membranous wall of the trachea (Figure 6-21). Instil-

lation of methylene blue-colored saline into the esophagus via a high placed nasogastric tube may con-

clusively identify a small H fistula. Confusion can result if a large volume of dyed saline refluxes above

the cricopharyngeus and spills over the arytenoids into the airway. Esophagoscopic identification of a fis-

tula may be more difficult unless the fistula is large or distended by a cuffed tube in the trachea.

Treatment and Results

Healing of the Juvenile Trachea: Growth and Tension

The question of whether anastomosis performed in the juvenile trachea will grow adequately has been

answered positively. As an example, Maeda and Grillo experimentally demonstrated that tracheal anasto-

mosis in puppies resulted in some narrowing at the anastomotic site in the adult, caused by infolding of

adjacent rings and restriction of growth by cicatrization of the membranous wall (Figure 6-22).57 At the

anastomotic site, the average growth was 82% of normal sagitally, and 75% coronally, values equivalent to
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FIGURE 6-20 Bronchoscopic observations in congenital stenosis. A, Complete cartilaginous “O” rings are easily identified visually. B, Very
rarely, irregular cartilaginous walls such as in this case are seen in a stenotic segment. Resected at age 9. See also Figures 1 and 2 in the Tra-
cheobronchial Endoscopic Atlas (Color Plate 11).
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20% stenosis of the tracheal lumen. Tension on the anastomosis caused by resection of progressively

longer segments of trachea led to greater anastomotic narrowing when performed in puppies rather than

in adult animals.58 Puppies were more susceptible to tension than adult animals. Levels allowing safety

from disruption were 1,000 g in puppies and 1,750 g in adult dogs. The range of permissible resection was

about half that of the adult, about 25% of the entire length of the juvenile trachea. Within permissible ten-

sion limits, fully adequate airways resulted (Figure 6-23). The use of a few spaced sutures from tracheal

rings proximal and distal to the anastomosis, to reduce tension on the suture line, lessened postoperative

narrowing.59 This is effectively accomplished clinically by our present use of lateral traction sutures (see

Chapter 24, “Tracheal Reconstruction: Anterior Approach and Extended Resection”). Other laboratory

work has generally confirmed this postanastomotic tracheal growth, with variations probably being due

to experimental design.60–62

As experience with tracheal resection and reconstruction in infants and children increased, clinical

results confirmed these expectations of anastomotic growth.63–66 Couraud and Monnier and their colleagues

observed growth following similar laryngotracheal procedures.67,68 This contrasted with a diminished tracheal

diameter and the need for later revisions or resection in children treated endoluminally or by plastic proce-

dures. Further evidence of lesser tolerance of anastomotic tension in the juvenile trachea has been adduced,

confirming the desirability of confining resection in children to 25 to 30% of the tracheal length.69

Growth of tracheal cartilage appears to occur continuously on the convex or outer side of a ring, with

resorption taking place on the concave surface, without identifiable growth centers.70 Personal serial bron-

choscopic observations of unoperated congenital stenosis showed that the stenotic segment grew propor-

tionally to the normal trachea. Manson and colleagues demonstrated growth radiologically.71 These obser-

vations led to the expectation that growth would occur after slide tracheoplasty. Macchiarini and colleagues

observed growth in an experimental model approximating slide tracheoplasty for long congenital steno-

sis.72 Such growth has now been clinically confirmed by Grillo and colleagues.73

FIGURE 6-21 A, Congenital H-type tracheoesophageal fistula, visualized bronchoscopically posteriorly. B, Esophageal opening of the same
fistula, on the anterior wall. The dark area below is the esophageal lumen. (Courtesy of Dr. Hon Chi Suen.)
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Non-Operative Treatment

Growth has also provided numerous instances where lesser acquired stenotic lesions or limited areas of

malacia improved or became sufficiently corrected over time to obviate need for reconstruction. For this

reason, and since anastomosis is more safely performed in larger airways, I have approached many pedi-

atric patients conservatively, even accepting prolonged presence of a tracheostomy tube in the interim.

Although a silicone T tube has many functional advantages over tracheostomy for prolonged interim treat-

ment, the failure rate of T tubes in very small tracheae is much greater than in the adult, due to easy

obstruction of the tube.74 A particularly favorable application of the T tube is in a child with obstruction

from a residual depressed flap in the anterior tracheal wall due to the tracheostomy tube lying just below.

A T tube splints the deformed wall flap forward, allowing cartilage to remodel in the corrected position.

The tube is later removed and the stoma allowed to close. Permanent stents of small caliber or expandable
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FIGURE 6-22 Growth of trachea after experimental division and anastomosis. A, Differences in cross-sectional shape in a puppy, a 7-month-
old dog that underwent anastomosis as a puppy, and an adult dog. Differences are minor in those of adults. B, Circular narrowing at the anas-
tomotic site after full growth. The lumen remains completely adequate. C, Measurements of internal and external diameters and wall thick-
ness (mm) at and above anastomoses after growth. Reproduced with permission from Maeda M and Grillo HC.57
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stents should be avoided, because of their failure to account for growth, their ease of occlusion, their poten-

tial to cause additional injury, and the difficulty of removal.

Dilation of acquired stenosis, just as in the adult, provides temporary relief at best in most patients, with

or without use of the laser. An exception may be web-like congenital strictures (rarely seen as acquired lesions).

Kim and Hendren noted satisfactory results in selected cases with electrocautery excision of subglottic webs.75

Congenital segmental stenosis should not be dilated since this can split the “O” rings, which are usually present.

Resection and Reconstruction of the Trachea

Increasingly, tracheal resection and anastomosis, both for acquired lesions and short congenital stenoses, has

been performed with considerable success (Figure 6-24A). Procedures developed for adults have served well

in children, but principally for acquired stenosis, since the length of most congenital stenoses precludes resec-

tion and reconstruction. Warnings about intolerance of greater anastomotic tension and danger of postoper-

ative obstruction due to edema and secretions remain valid. Technique, as ever, must be precise and meticu-

lous. For anastomosis in children, I prefer using interrupted 5-0 Vicryl sutures because of their ease of

handling, strength, and lack of granulation formation. Conclusions from experiments purporting to demon-

strate the superiority of polydioxanone monofilament sutures (PDS) over Vicryl braided sutures, were based

on a scale of early histologic reaction to sutures and not on long-term results.76 In large numbers of cases,

Vicryl sutures have been shown to be as close to an ideal tracheal anastomotic suture as has yet been offered,

in terms of ease of use, strength, minimal reactivity and, most importantly, absence of long-term complica-

tions such as granulomas, suture erosion into the lumen, and anastomotic separation and stenosis.77 PDS is

somewhat more difficult to handle and has no positive advantages to highlight its recommendation.

Anesthetic management by the cross-field intubation technique, similar to that used in adults, has

worked extremely well in skilled hands. Some cardiac surgeons, however, used to using cardiopulmonary

bypass in infants, feel that this simplifies their operative field. My principle has been to avoid possible com-

plications from unnecessary additional procedures.

FIGURE 6-23 Diagram of tracheal cross sections at anastomotic sites when fully grown, from puppies that were transected or resected, and in
dogs resected as adults. Sagittal diameters are vertical (cm). Fully adequate airways resulted within the range of permissible resection. Repro-
duced with permission from Maeda M and Grillo HC.58



Carcassonne and colleagues published their experience in pediatric tracheal reconstruction in 1973,

and Nakayama and colleagues reported reconstruction in infants and small children in 1982, updating the

series in 1990 to 45 patients.63,6678 Grillo and Zannini described the management of obstructive tracheal dis-

ease in children in 1984, including 20 who underwent resection and reconstruction: 3 for congenital steno-

sis, 9 for postintubation stenosis, 1 for TEF, 2 for post-traumatic stenosis, 1 for idiopathic stenosis, and 4 for

primary tumors.64 Two had carinal resections. One death occurred in the congenital group and one in the

acquired group. Seventeen enjoyed good results. Gaissert and colleagues extended these observations to cari-

nal and main bronchial reconstruction.79 The series was updated in 2002.69 Success of over 80% in 73 major

operations was considerably less than in adults, however.

Repair of Subglottic Laryngotracheal Stenosis

When the subglottic larynx and, usually, the adjacent upper trachea is stenotic, most often due to ventila-

tion through an endotracheal tube, correction is more difficult than when the problem is purely tracheal.

A simple sleeve resection is not possible if the recurrent laryngeal nerves are to be saved, just as in the adult.

Conservative measures, such as repetitive dilation, local and systemic steroids, laser or electrocoagulation

ablation, and prolonged stenting, have only occasionally been successful. A host of complex operative pro-

cedures usually associated with laryngofissure, buccal, cutaneous, or cartilage grafts with stents, anterior

and posterior cricoid splits, and castellated incisions, have also produced variable results. Despite failure

rates of 20 to 50% in some series of such procedures, satisfactory success with the cricoid split and carti-

lage graft has been reported.48,80,81 However, more recently, the effectiveness and safety of primary resection

and anastomosis have been acknowledged.82

Single stage methods of repair (see Chapter 25, “Laryngotracheal Reconstruction”) involve resection of

the anterior cricoid arch and stenotic scar anterior to the posterior cricoid plate, with preservation of the pos-

terior plate and perichondrium to protect the recurrent nerves, tailoring the distal trachea to reconstruct the

subglottic airway and to resurface the posterior cricoid plate. Developed initially for adults, these techniques

have been applied successfully in children, with considerable success.83–89 Monnier and colleagues described

15 children so treated, with 14 successes.90 Three were of congenital origin and 12 resulted from intubation.

Decannulation was achieved in a single procedure in 14 of the patients. Follow-up in 10 of the children from

5 to 14 years showed good laryngeal growth despite removal of the anterior cricoid.68 Couraud and colleagues

noted a similar experience, also with laryngeal growth.67 More recent experience further supports this

approach, which seems on a rational basis to be superior to the cricoid split with cartilage graft insertion, leav-

ing the stenosis in place.

Congenital Stenosis

In 1982, Kimura and colleagues described anterior patch tracheoplasty for treatment of congenital steno-

sis involving the entire trachea (see Chapter 33, “Repair of Congenital Tracheal Lesions”).91 The tech-

nique followed the principle of Gebauer’s wire reinforced dermal grafts for tracheal and bronchial steno-

sis.92 Stenosis too long to be treated by resection and anastomosis was incised vertically throughout its

length and the tracheal diameter widened by fitting a long cartilaginous graft (Figure 6-24B). An endo-

tracheal tube was left in place until the patch became firm. A later report augmented their experience.93

Idriss and colleagues modified the procedure by using pericardium, which required not only postopera-

tive splinting with an endotracheal tube but suture suspension of the pliable pericardial patch to medi-

astinal structures as well.94 Considerable difficulty was encountered, with granulation tissue formation,

necessitating multiple postoperative bronchoscopies (mean 3.8), especially for grafts extending far dis-

tally (mean 16).95 Twenty-one patients underwent pericardial patch repair, with 2 operative deaths and

3 late deaths. Six needed later tracheostomy, 2 for airway stenting. Troubled by the lack of intrinsic sup-
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port, a later modification proposed by this group was anterior division of the stenosis, and excision of a

central piece of trachea to be used for part of the “gusset,” augmented with pericardium. This compli-

cated repair offers little over simple slide tracheoplasty, described below.

Heimansohn and colleagues also used pericardium in a group of 12 patients, and noted only 2

patients with granulations and requiring re-operation of the 10 patients who survived long term.96 Impor-

tantly, normal growth of the trachea was noted in longer-term results (1 to 11 years, mean 5 years).97 In 2

patients examined postmortem 13 and 18 months, respectively, after pericardial patch tracheoplasty, it was

found that the pseudostratified columnar epithelium had lined the dense mature collagenous scar tissue

that had replaced the pericardial patch.98 Jaquiss and colleagues returned to cartilage patch tracheoplasty,

with granulation and dehiscence in 1 of 6 patients, all of whom survived.99 Mechanical ventilatory support

was provided for a mean of 11 days, with a median postoperative hospitalization of 17 days. In time, carti-

lage grafts are also replaced by mature scar tissue and reepithelized by ciliated columnar epithelium.100 The

luminal enlargement is maintained. Linear sections of cadaver trachea, chemically fixed so that the tissue is

not viable, have been used as a patch to widen long stenoses of various etiologies.101 Both the biological

processes of healing and the benefits of this technique compared with the use of native tissues are unclear

(see Chapter 45, “Tracheal Replacement”).

FIGURE 6-24 Surgical techniques for treatment of congenital tracheal stenosis. A, Resection and reconstruction, suitable only for shorter steno-
sis. B, Patch tracheoplasty. Incision of long stenosis and widening of trachea with free cartilage or pericardial grafts.
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Slide tracheoplasty (see Chapter 33, “Repair of Congenital Tracheal Lesions”), first proposed by Tsang

and colleagues and successfully employed by Grillo, meets the problems of long segment congenital steno-

sis by using tracheal tissue alone to widen the lumen, giving stability, minimizing granulation tissue for-

mation, and assuring more likely prompt healing.102,103 A complete epithelial surface is also immediately

provided. The stenosis is divided horizontally in its midpoint, and the upper and lower segments of steno-

sis are incised vertically through their entire extent, one anteriorly and one posteriorly. Corners are

trimmed and the two segments slid together for suturing (Figure 6-24C). The circumference of the trachea

is doubled and the cross-sectional area approximately quadrupled (Figure 6-25). Since the ends of the car-

tilaginous walls tend to curl inward, a lobulated cross-sectional appearance of a figure 8 character may be

produced, so that the area is slightly less than quadrupled (Figure 6-26). Since the affected segment of the

trachea is halved in length, even stenosis of the entire length of trachea does not preclude the procedure.

This operation was performed in 8 patients ranging in age from 9 days to 19 years (Figure 6-27).73 Five

were done with simple cross-field ventilation and 3 with a period of bypass necessary to reimplant a divided

pulmonary artery sling, to perform other cardiac procedures or because of myocardial disease. Segments

resected were between 36 to 83% of tracheal length. Two had anomalous right upper lobe bronchi. Only 1

required 3 days of intubation for ventilatory support, principally for airway clearance. Hospitalization ranged

from 8 to 13 days. One minute granuloma appeared late and was removed bronchoscopically. Follow-up

between 1 and 10 years shows good growth of the reconstructed trachea in the younger patients.73 Function-

al results, which can be measured in older patients, are excellent (Table 6-2) (Figure 6-28).
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FIGURE 6-24 (CONTINUED) C, Slide tracheoplasty,
reconstructing the trachea with (unresected) native
trachea, providing fourfold widening of the lumen.
Probably preferable even for most shorter stenoses as
well as for long stenosis.
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FIGURE 6-26 A, Roentgenogram of a long congenital stenosis treated by slide tracheoplasty.
B, Preoperative and post slide tracheoplasty computed tomography scans of the patient. The reconstruct-
ed trachea has a bilobed appearance due to the natural curvature of the tracheal wall segments. The
enlargement is therefore less than fully fourfold, but it fully relieved obstructive symptoms.

FIGURE 6-25 Bronchoscopic views before (A) and after (B) slide tracheoplasty in a 3-month-old boy with stenosis of one-half of his tracheal length.
In A, “O” rings are clearly visible. In B, the widening of the lumen allows the carina to be seen distantly. The irregular margins of the tracheoplasty
are evident. The child was completely relieved of severe symptoms and his trachea grew well.
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FIGURE 6-27 Application of slide tracheoplasty. Diagrams of our first 8 patients, with percentages of trachea affected by stenosis treated by this
technique. In number 6, the lesser supracarinal stenosis did not require correction, and the slide procedure was applied to the “bridge” bronchus.
True tracheal length naturally varied with age. Reproduced with permission from Grillo HC et al.73
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The results of slide tracheoplasty suggest its superiority over patch tracheoplasty.73,103 Since reports

from three major children’s hospitals show an average incidence of only one or two such cases yearly in each

institution, a long time may be needed to establish a preferable method statistically. Nevertheless, a num-

ber of recent reports have indicated a growing acceptance of slide tracheoplasty.73 I recommend this tech-

nique even over resection and reconstruction, if there is any likelihood of too much tension after resecting

a lesion of borderline length. It should be unnecessary to point out that this technique has no application

in acquired fibrous stenosis, where the absence of a “normal” tracheal wall would result in restenosis.

FIGURE 6-28 Flow volume loop in a 19-year-old
patient who underwent slide tracheoplasty, pre-
operatively and 1 year postoperatively. She was
totally relieved of symptoms.

Table 6-2 Pulmonary Function Before and After Slide Tracheoplasty for Congenital Stenosis

Patient 1 Patient 2

Variable Preoperative (%) Postoperative (%) Preoperative (%) Postoperative (%)

FEV1 (L) 1.26 (40) 1.51 (52) 3.0 (79) 3.37 (93)

VC (L) 1.3 (37) 1.68 (47) 4.10 (92) 4.28 (102)

FEV1/VC 0.97 (107) 0.90 (110) 0.74 (85) 0.79 (91)

PEFR 2.3 (37) 3.18 (51) 4.39 (63) 5.4 (80)

MBC 50 (40) 44 (40) 121 (79) 135 (93)

RV/TLC 0.62 (238) 0.52 (217) 0.28 (93) 0.13 (44)

FEV1 = forced expiratory volume in 1 second; MBC = maximum breathing capacity; PEFR = peak expiratory flow rate; RV = residual volume; TLC = total lung capacity;

VC = vital capacity.



Resection and reconstruction of congenital stenosis is still the method of choice for short segments of steno-

sis, where lack of anastomotic tension may be confidently predicted. Resection is also uniquely applicable in the

case of a short bridging bronchus, especially where maximum narrowing is located at one end of the stenotic

bridging bronchus. Cantrell and Guild described this procedure and I have found it useful.16,73 Extreme cau-

tion must be used in designing the exact size and location of the anastomotic apertures proximally and distal-

ly, to avoid angulation of the bronchi (see Chapter 33, “Repair of Congenital Tracheal Lesions”).

Transplantation of trachea remains impractical at present. Problems of maintenance of viability of the

epithelium and cartilage, tissue rejection, and hazards of prolonged immunosuppression are discussed at

length in Chapter 45, “Tracheal Replacement.” A further problem with any form of transplant in juveniles,

as well as with synthetic or composite grafts to replace lost trachea, is the need for growth as the child

grows. Experimenters tend to forget this in their enthusiasm for “new” technology. For similar reasons, I

believe that permanent or semipermanent expandable stents are to be avoided in the juvenile trachea, if the

disease is not soon likely to be lethal. In addition, such stents can irreversibly damage the trachea and prove

to be nearly irremovable. Silicone inlying stents, such as the Dumon stent, should be used with measured

judgement. I have surgically corrected children who were seemingly condemned to indefinite periodic

replacement of Dumon stents. Silicone stents cause reactive granulomas and thus extend the original

pathology. The inadvisable path of repeated laser treatments should also be avoided.
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Primary tracheal neoplasms are still often diagnosed long after the onset of symptoms or signs, particular-

ly in the absence of hemoptysis. Benign neoplasms may be unrecognized for many months or even for sev-

eral years. The duration of symptoms for malignant lesions prior to diagnosis is 6 to 18 months, reflecting

more rapid growth, and especially, onset of hemoptysis. Even pulmonologists remain unfamiliar with tra-

cheal tumors because of their rarity and a corresponding dearth of information about their occurrence and

behavior. Reassured by a chest radiograph, which is often read as normal, the physician assigns the reason

for wheezing and exertional dyspnea caused by a tumor to “adult onset asthma” or to chronic lung disease.

Inappropriate treatment, once the lesion has been recognized, is an equally serious problem. It is still not

widely appreciated that modern techniques of tracheal surgery, combined with radiotherapy, can produce

cure or long-term palliation in many patients with primary malignant tumors.1–6 Overall results of treat-

ment are more encouraging than oncologic results of management of carcinoma of the lung, to which

major therapeutic efforts are regularly directed.

As with most tumors, the best opportunity for cure presents at the time of diagnosis. The physician

who deals with a primary tracheal tumor should, therefore, be fully aware of its potential clinical course and

the best methods available for treatment. If expertise in management is not available in the physician’s area,

the patient should be referred to an appropriate center. Patients continue to be seen with resectable tracheal

tumors that are presumed on the one hand to be of limited malignancy or on the other hand to be incur-

able and that are treated by transbronchial ablation or irradiation alone. Laser treatment has been employed

repetitively on resectable tumors—a treatment that can never cure a malignant tracheal neoplasm and only

rarely a benign one. When such patients are seen many months and sometimes years after initial diagnosis,

longitudinal spread, particularly of adenoid cystic carcinoma, has become so extensive that surgical resec-

tion and reconstruction is too often no longer possible. High-dose “curative” irradiation administered with-

out initially considering surgical excision may make later resection prohibitively risky. Even benign tumors

present increasingly greater technical problems for definitive surgical resection if their management has

been delayed by ill-conceived attempts at local management—often with a laser. Simple microscopic exam-
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ination makes it clear that only full-thickness ablation of the wall of the trachea, which contains the base

even of most benign tumors, could possibly lead to extirpation (see Figure 3-12 [Color Plate 2] from 

Chapter 3, “Pathology of Tracheal Tumors”).

Unfortunately, at present in the United States, considerations of cost and jurisdiction under managed

care can keep patients from proper treatment. This could worsen if the web of managed care and capita-

tion spreads.

Characteristics

The incidence of primary tracheal tumors in the general population is not precisely known. Ranke and col-

leagues found 2 patients with tracheogenic carcinoma in 1,744 cancer deaths.7 Culp noted 4 patients with

primary tracheal tumors in 89,600 autopsies.8 It is not a surprise that the diagnosis is seldom considered,

even by pulmonologists.

The majority of primary tracheal tumors in adults are malignant. Thirty-six percent of a series of 198

patients with primary tracheal tumors seen at the Massachusetts General Hospital (MGH) over a 26-year

period presented with primary squamous cell carcinoma (SCC) and 40% with adenoid cystic carcinoma

(ACC).1 The remaining 24% of the total included 9 other malignant lesions, 17 of intermediate character,

such as carcinoid and mucoepidermoid tumors, and 21 were clearly benign. None of the SCCs were sec-

ondary to laryngeal, bronchogenic, or esophageal carcinoma. By 2002, the number of ACCs and of SCCs

seen had risen to 135 each, a total of 270 patients in these categories alone. The very wide variety of tumors

other than SCC and ACC is noteworthy (Table 7-1). The pathology of primary tracheal tumors is reviewed

in Chapter 3, “Pathology of Tracheal Tumors,” and illustrated in a color fascicle. Bronchoscopic views of

some tumors are also to be found in the color section. Tracheal tumors are even rarer in children. Two-

thirds are benign, since of the most common adult tumors, ACC is only occasional in children and SCC is

nearly unique. In a review of the literature and from their own experience, Desai and colleagues found only

38 children with tracheal tumors over a 30-year period.9 Over half were diagnosed initially as “asthma”;

39% were more than 50% obstructed when diagnosed. Hemangiomas and granular cell tumors were most

common in the benign category, and mucoepidermoid tumors and histiocytomas in the malignant. Malig-

nant tumors usually appeared in adolescence.

Primary SCC of the trachea may be exophytic or ulcerative, localized or longitudinally infiltrating, or

less commonly, may show multiple areas of involvement scattered throughout the trachea (Figures 7-1,

7-2 and Figures 4 and 5, Color Plate 12). Invasive squamous cancer may also be found deep within what

appears to be an area of papillomatous change, which on superficial biopsy reveals apparently in situ 

carcinoma. If such a lesion is grossly visible, it often does have deeper areas of invasive carcinoma.

As SCC grows, it extends longitudinally and circumferentially in the tracheal wall, and may penetrate

extraluminally to involve adjacent structures. Tumors may occur at any level of the trachea or carina. Adja-

cent recurrent laryngeal nerves and the esophagus may be invaded directly. The most common sites of

metastases are adjacent peritracheal lymph nodes. Hematogenous metastases to the lung, bone, liver, or

adrenals are less common initially. Age and gender incidences of SCC of the trachea are similar to those of

carcinoma of the lung (Table 7-2), with peak incidence between 50 and 70 years, predominating in males.

The etiologies seem to be identical. Except in 4 cases, every patient we have seen with SCC of the trachea

has been a cigarette smoker, usually for many years. One exception had received arsenicals for dermatolog-

ic treatment in youth and suffered multiple squamous skin cancers on exposure to sunlight. Another had

worked for many years with a multitude of organic chemicals and had previously suffered squamous car-

cinoma of his tongue base. In 2 other nonsmokers, no etiology was determined, although the extent of

involvement of the overlying thyroid gland in 1 raised a question of whether that tumor might have been

a primary squamous carcinoma of the thyroid invading the trachea. Forty percent of our patients with SCC



of the trachea who underwent resection had either a previous history, a concurrent finding, or a later occur-

rence of SCC of the respiratory tract.1 Cancer arose in the tongue, tonsil, larynx, trachea (second primary

lesion), and lung.

Basaloid squamous cell carcinoma, a rare and aggressive variant consisting of basaloid cells with either

dysplastic epithelium or in situ squamous epithelium or invasive tumor, usually occurring in the upper

aerodigestive tract, may be found in the trachea and may be deeply ulcerative, invasive, and metastatic.10 It

may be confused with ACC histologically and with neuroendocrine carcinoma.

Adenoid cystic carcinoma may appear deceptively benign. Its former appellation, “cylindroma,”

masked its truly malignant character.1,11 Indeed, it used to be described clinically and pathologically under

a general heading of “bronchial adenoma.” This included a heterogeneous collection of “cylindroma,” car-

cinoid, and mucoepidermoid tumors plus a few true adenomas. Both terms are best abandoned. Adenoid

cystic carcinoma of the trachea occurs over a wide age range, from the twenties through the seventies (see

Table 7-2). Distribution between male and female is quite even but with female predominance (72 to 63 in

135 patients). No relationship has been discerned with cigarette smoking or other known carcinogenic fac-

tors. Thirty-three percent were smokers compared with at least 66% of patients with SCC. Although the
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Benign

Squamous papilloma

Multiple

Solitary

Pleomorphic adenoma

Granular cell tumor (myoblastoma)

Glomus tumor

Fibroma

Fibrous histiocytoma (pseudotumor,

plasma cell granuloma, xanthoma)

Lipoma

Leiomyoma

Hamartoma

Chondroma

Chondroblastoma

Schwannoma

Neurofibroma

Paraganglioma

Hemangioma

Hemangioendothelioma

Vascular malformation

Intermediate Malignancy

Carcinoid

Mucoepidermoid

Plexiform neurofibroma

Pseudosarcoma

Plasmacytoma

Acinic cell carcinoma

Malignant

Adenocarcinoma

Adenosquamous carcinoma

Small cell carcinoma

Basaloid squamous cell carcinoma

Atypical carcinoid

Malignant fibrous histiocytoma

Melanoma

Chondrosarcoma

Spindle cell sarcoma

Rhabdomyosarcoma

Fibrosarcoma

Leiomyosarcoma

Kaposi’s sarcoma

Lymphoma

Lymphoepithelial carcinoma

Angiosarcoma

Table 7-1 Primary Tracheal Tumors other than Adenoid Cystic and Squamous Carcinomas
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FIGURE 7-1 Squamous cell carcinoma of trachea. Bronchoscopic views. A, Small tumor in the upper trachea. B, Large tumor at the carina.

A B

FIGURE 7-2 Varied gross presentations of squamous cell carcinoma (SCC) of
trachea. A, Tomographic delineation of a small exophytic lesion in a 60-year-old
man. The “dome” of the subglottic larynx lies superiorly. The tumor (arrow) lies
a few rings below the cricoid cartilage. B, Surgical specimen of A. An overlying
lobe of thyroid was also removed in-continuity to provide a better lateral margin.
Four years later, the patient underwent a right lower lobectomy for SCC of the
lung. He died 20 years later without recurrence of either carcinoma.

A

B
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FIGURE 7-2 (CONTINUED) C, Smooth-appearing exophytic lower
tracheal squamous carcinoma in a 56-year-old male. Right upper
lobectomy was done 15 years later for squamous carcinoma. Neither
tumor recurred. D, Tomogram showing a large squamous lesion of
the lower trachea (between arrows) in a 55-year-old male . The lower
open arrow marks the carina. E, Surgical specimen from D. The base
of tumor was less extensive than gross tumor and provided a micro-
scopically clear margin. F, Ulcerating squamous cell carcinoma in a
57-year-old man. Adjacent lymph nodes were involved. Three years
later, he developed pulmonary metastases and a second primary
squamous carcinoma of the tongue.

C

E

D

F
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tracheal tumor is histologically indistinguishable from that found in salivary glands, it is indeed rare for a

single patient to present with tumors, either synchronous or metachronous, both in the salivary gland and

in the trachea. The airway tumor may occur at any level of the trachea, but seems to be more prevalent in

the lower trachea and carina. It occurs much less often in main bronchi and very rarely distal to that. Mul-

tiple tumors are extremely rare.

Adenoid cystic carcinoma presents grossly in a variety of ways (Figures 7-3, 7-4, 7-5, and Figures 

7 through 11 [Color Plates 12, 13]). The lesions may be red and rubbery in appearance or granular and

friable. One or all borders may appear sharply defined or the tumor may infiltrate diffusely. Frequent-

ly, adjacent to the main mass of tumor, which clearly projects from the mucosa, there is evidence of

tumor infiltration beneath the mucosa or in the tracheal wall. The margins are often indistinct when

examined with a magnifying telescope through a rigid bronchoscope. Mucosal elevation or friability is

seen and new tumor vessels may be identified in the mucosa. Commonly, these cancers invade micro-

scopically submucosally and perineurally for long distances beyond grossly visible disease. Microscop-

ic pathology is described in Chapter 3, “Pathology of Tracheal Tumors.” The lesion may be essentially

circumferential within the trachea or may involve both main bronchi at the carinal level. Proximal

tumors may involve the larynx in varying degrees. The extratracheal tumor mass may become bulky.

Although these tumors may grow to considerable size extramurally into the mediastinum prior to

recognition, they often displace adjacent structures before invading them, including the esophagus and

pulmonary artery. I have seen the left pulmonary artery shown to be completely occluded by the pul-

monary angiogram, but at operation found only compression, without invasion of the pulmonary arte-

rial wall. The esophagus is more likely to be directly invaded by a posterior tumor, especially in its mus-

cular wall. A recurrent laryngeal nerve may be defunctioned by direct invasion. Adjacent paratracheal

regional lymph nodes on both sides may be involved, but apparently not as frequently as by SCC of the

trachea. For a tracheal tumor, these should be considered as N1 nodes.

Late local recurrence of ACC, even 15, 20, or more years after apparent cure by surgery and irradia-

tion, is a discouraging characteristic. Despite almost uniformly excellent early response to external irradia-

tion treatment, recurrence usually follows if irradiation alone is used for treatment. Recurrence is seen at

the prior site of the maximum bulk of tumor, usually between 3 to 7 years following treatment. Improved

long-term outcome seems to follow combined surgical resection and full-dose radiotherapy, but these

results must be regarded with reservation in view of the tumor’s indolent clinical behavior and the small

amount of information about long-term behavior.6,11,12 Metastases to the lung occur all too frequently, but

Table 7-2 Incidence of Primary Tracheal Tumors by Age

Number of Tumors

Age (years) Squamous Adenoid Cystic Other

1–10 — — 4

11–19 — — 8

20–29 1 13 11

30–39 1 16 9

40–49 9 19 5

50–59 29 15 6

60–69 24 13 4

70–79 6 5 1

Adapted from Grillo HC and Mathisen DJ.1



may emerge late and enlarge slowly. Patients may remain asymptomatic for many years with multiple

enlarging pulmonary metastases. Indeed, such behavior may justify surgical removal of a tracheal lesion

despite the presence of numerous lung metastases, in order to prevent airway obstruction. Experience is

small, but excision of pulmonary metastases has almost never produced cure or seemed to alter the course

of the disease. Usually, metastases are too numerous for complete removal. Where a few metastases have

been resected, other metastases have usually appeared later. Metastases to bone and other organs also occur.

In a minority of cases, although no unusual histologic characteristics were identified, ACC proved to

be rapidly and widely aggressive. Manifestations in these few patients included local invasion of the central

pulmonary artery, intrapericardial extension, multiple pleural metastases, and multiple rapidly-growing

pulmonary or osseous metastases. The primary tumor in such a patient is not necessarily large.
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FIGURE 7-3 Adenoid cystic carcinoma. Bronchoscopic views.
A, Tumor invading the subglottic larynx in a 54-year-old man, at and
above the cricoid level, with essentially circumferential extension.
Resection with laryngeal salvage was impossible. The patient elected
palliative neutron beam radiation to preserve laryngeal speech.
Tumor recurred, as expected, in 6 years. B, Adenoid cystic carcinoma
confined to midtrachea, 2 × 2.7 cm, in a 64-year-old man. The tumor,
4.5 cm from the carina, was removed by cervicomediastinal tracheal
resection. C, Tumor at the carina and in the left main bronchus, also
extending into the proximal right main bronchus. Left carinal pneu-
monectomy was done via a “clamshell” incision.A

B C
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FIGURE 7-4 Radiologic presentation of adenoid cystic carcinoma (ACC). A, Small, well-defined tumor of the upper trachea, delineated
by tomography. The vocal cords and subglottic larynx are well outlined. The involved right wall of trachea is deformed. The right recur-
rent laryngeal nerve was involved. This 25-year-old man underwent cervicomediastinal resection and also received 5,000 cGy of irradia-
tion postoperatively. He remained well and without recurrence 30 years later. B, Tomographic detail. Broad-based ACC in a 40-year-old
woman extending into the cricoid cartilage on the left (arrow). The left side of the lower larynx was included in the resection. The left recur-
rent laryngeal nerve had to be resected. The trachea was bevelled to fit the line of laryngeal resection. Laryngeal structures are visible above.
Vocal cords are widely abducted. C, Computed tomography scan in a 39-year-old woman shows the midtrachea encircled by ACC. She was
treated by segmental tracheal resection. D, Large tumor at the carina obstructing the left main bronchus totally and the right bronchus
subtotally. Left carinal pneumonectomy was necessary.

A

C

B

D
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FIGURE 7-5 Gross surgical specimens of adenoid cystic carcinoma.
A, Tumor with large extratracheal component and involved peritracheal
lymph nodes. B, A 6.5 cm resection for an extensive tumor of the midtra-
chea in a 43-year-old man. Complete sternotomy plus extension into the
right thorax was necessary for removal. Laryngeal release was also
required. A tentative initial distal incision in the trachea was made, but
was too close to the tumor. C, Open specimen of B, showing the intra-
luminal extent of tumor. D, Another extensive tumor in a 27-year-old
man, involving distal trachea, carina, and left main bronchus. Left 
carinal pneumonectomy was necessary via bilateral thoracotomy, with
elevation of the right main bronchus to proximal trachea. Laryngeal
release helped because of the high level of anastomosis. Irradiation fol-
lowed. The patient is now 22 years after resection.

A

B

DC



216 Surgery of the Trachea and Bronchi

Over 40 years, between 1962 and 2002, 135 patients with ACC and 135 with SCC were seen at MGH.6

In the second 20-year period, 97 with ACC and 98 with SCC were seen. Of these, 101 (75%) with ACC and

90 (67%) with SCC were resected.

A miscellaneous group of other primary tracheal carcinomas has also been encountered, usually with

so few examples of each type that little can be said about general behavior patterns. These neoplasms

include adenocarcinoma in the carina of a child at the base of a bronchogenic cyst. Carinal excision follow-

ing prior removal of the cyst at another hospital led to cure. Adenosquamous carcinoma was encountered,

involving both the trachea and the lower larynx, and was treated by cervical mediastinal excision with

mediastinal tracheostomy. Another such tumor, involving the right main bronchus and carina, was treated

successfully (15-year survival) by carinal resection and right upper lobectomy with anastomosis of the

bronchus intermedius to the left main bronchus and the left main bronchus to the trachea. Two instances

of small cell carcinoma of the trachea were encountered, reconfirmed on pathological review, with no

involvement of adjacent lung and no nodal metastases. These patients remained disease free over many

years after surgical resection plus conventional adjuvant therapy for small cell carcinoma. The rarity of pri-

mary tracheal small cell carcinoma was observed elsewhere.13 A greater frequency of small cell carcinoma

in the trachea, which was described in the past, probably included secondary invasion from the lung.14

Lymphoepithelial carcinoma (Schmincke tumor), more often occurring in the nasopharynx, has been

seen in the trachea.15 Treatment was resection and irradiation.

It appears that melanoma can occur primarily in the trachea. As in the patient reported by Duarte and

colleagues,16 our single patient had undergone removal of a small cutaneous lesion, without histologic

record, many years before. Lower tracheal resection was done. However, the patient had no subsequent

recurrence of melanoma in 13-year follow-up.

Except for 11 patients with carcinoid tumor of the trachea and carina, which we noted in 1978, carci-

noid has not often been reported in the trachea.17 Behavior of carcinoid in the trachea and carina appears

to be much the same as in the bronchi, where it is much more common (Figure 7-6, and Figures 12 through

15 [Color Plate 13]).18 The rarer atypical variety may be highly malignant. Typical carcinoids, when resect-

ed with limited but negative histologic margins, did not recur. In these cases, no regional nodes were

involved. Carcinoid syndrome is seen only rarely with bronchial carcinoid, often, but not uniformly, in the

presence of hepatic or other metastases. One patient with carcinoid syndrome from a tracheal tumor was

referred with massive mediastinal lymph node metastases following resection of an atypical tracheal carci-

noid. Block removal of lymph nodes temporarily controlled the syndrome until tumor recurred. Carcinoid

appears to respond poorly to irradiation. We have not encountered Cushing’s syndrome with tracheal car-

cinoids, possibly a reflection of the low incidence of this hormonal effect in these tumors.19

Histological examination of the wall of the trachea from which a typical carcinoid tumor arises usu-

ally demonstrates deep enough origin that it is impossible to remove the tumor definitively intraluminally

with a laser or by other means (see Figure 3-12 [Color Plate 2] from Chapter 3, “Pathology of Tracheal

Tumors”; Figure 7-6F). Only transient relief of obstructive symptoms can be obtained by debulking the

tumor within the lumen. Full-thickness excision of the tracheal wall is required for complete removal. On

the membranous wall, a carcinoid tumor of moderate size often extends through the posterior wall. Claims

of cure appear to be either an illusion or such a rarity that harm may be done by encouraging delay in

accomplishing simple curative surgical extirpation.

Mucoepidermoid tumor presents in the trachea and main bronchi, with malignant behavior in a small

proportion of cases in most series.20,21 In Heitmiller and colleagues’ series from MGH, 3 of 18 patients with

mucoepidermoid tumors of the trachea and bronchi were high grade and fatal within 16 months.21 All the

others survived (Figure 7-7). Nodal spread was infrequent in low-grade tumors. Two tracheal tumors were

treated by sleeve resection, one by laryngotracheoplastic resection, and another underwent carinal 



pneumonectomy. Bronchial sleeve resection sufficed for another 5 patients, and lobectomy was needed in 7.

Jensik, Faber, and colleagues made similar observations earlier. Irradiation treatment of high-grade tumors

seemed ineffective.20 In 31 children and adolescents, in whom the tumor was located in the bronchi, prog-

nosis appeared to be better than in adults, with no recurrence seen after resection alone.22
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FIGURE 7-6 Carcinoid tumors. A, Bronchoscopic view. Carcinoids are often smooth, rounded, and vascular in appearance. B, Irregular carci-
noid located just above the carina. C, Radiographic details of the carina of a 31-year-old woman treated for “asthma” with progressive dyspnea
for over a year. Anteroposterior view on left radiograph and lateral view on right radiograph. Both show the lower tracheal tumor clearly.

A B
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Two pleomorphic adenomas in the trachea were excised in our series (Figure 7-8, and Figure 18 [Color

Plate 13]). These tumors are rare, may occur in children, and produce obstructive symptoms. They are

mixed tumors of salivary gland type with varied mixtures of epithelial and stromal components. By 1992,

19 cases had been gathered.23 Similar tumors in the bronchus were first described by Payne and col-

leagues.24 Complete surgical excision and reanastomosis is the proper treatment. One of our patients had

a similar tumor excised years before from a salivary gland, but there was no evidence then or since of

metastatic disease. It was, therefore, classified as a primary tracheal tumor. Malignant features evidently

occur, but were not present in these patients.

FIGURE 7-6 (CONTINUED) D, Computed tomography scan of the
patient described in C. E, Gross specimen of the patient in C, exhibiting
a typical carcinoid in character and appearance. F, Carcinoid invading
the carina in a 19-year-old female. Operative photograph shows protru-
sion of tumor through the membranous wall of the trachea. The left-
hand tape encircles the trachea. The two on the right encircle the right
main (above) and left main (below) bronchi. The futility of laser treat-
ment, which she had on several occasions, is obvious.
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FIGURE 7-7 Mucoepidermoid tumors. A, Lateral neck roentgenogram
in a 28-year-old woman showing a posterior lesion (arrows) involving
the subglottic larynx and upper trachea. Laryngoplasty was done,
advancing the posterior membranous tracheal wall to resurface the
posterior larynx after tumor excision. Both recurrent nerves remained
intact. B, Carinal resection for mucoepidermoid tumor in a 34-year-
old man, viewed from the tracheal end of the specimen. Twelve year 
follow-up was without recurrence.

A B

FIGURE 7-8 A, Bronchoscopic view of pleomorphic adenoma. This true adenoma of the trachea is very rare. B, Another pleomorphic adeno-
ma, with areas of adenocarcinoma present.
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Squamous papilloma of the trachea may occur as a solitary, moderate-sized lesion, which should be

removed by segmental tracheal resection. Naka and colleagues in 1993 found reports of 5 solitary tracheal

papillomas, 7 in the main bronchus, and 41 in a lobar bronchus.25 They proposed surgical resection for

wide-based or poorly-defined tumors or for suspected malignancy. Tracheal polyps of inflammatory ori-

gin which occur as solitary lesions may also be obstructive.26

Multiple squamous papillomatosis also occurs in many locations in the trachea and at the carina. A

fortunately-rare form produces multiple papillomas throughout the distal tracheobronchial tree, with

obstructive septic consequences. In children, squamous papillomas of the trachea behave in benign fashion

and tend to regress with adolescence (see Chapter 6, “Congenital and Acquired Tracheal Lesions in Chil-

dren”).27 Their occurrence is related to human papilloma virus and antiviral treatment has been employed.

These tumors were treated by repeated endoscopic removal using, in various eras, electrocoagulation,

cryosurgery, and now, laser—all seemingly effective. Multiple lesions in adults, on the other hand, may be

verrucous lesions, which cover large areas. The process may be so extensive that surgical resection is not

possible. This is one of the few clear-cut indications for repetitive laser treatment. The role of photody-

namic therapy remains to be clarified. Invasive carcinoma is not uncommon deep within these lesions.

Cartilaginous tumors, including osteochondroma, chondroma, chondroblastoma, and chondrosarcoma,

are very rare in the trachea and only somewhat more frequent in the larynx.28 Huizenga and Balogh found

10 cartilaginous tumors in 5,000 laryngeal neoplasms.29 Peak incidence is from 40 to 70 years of age. In the

larynx, about 70% arise from the cricoid, most frequently from the posterior plate. The tumor is submu-

cosal and produces obstructive symptoms (Figure 7-9, and Figures 16, 17 [Color Plate 13]). A mass may be

palpated in the neck. Biopsy is difficult because the tumor is firm and normal mucosa is likely to be

obtained. The recurrent nerve is not initially affected, but voice change occurs due to tumor bulk. Hemop-

tysis is very rare. These lesions are usually chondrosarcomas of low grade and often are indolent in behav-

ior. Treatment is surgical excision with every effort made to save the larynx. Techniques must be individu-

alized. The reconstructive approach is outlined in Chapter 25, “Laryngotracheal Reconstruction.” With

conservative approach to maintain laryngeal function, recurrence must be watched for over a long term,

with likelihood of later re-resection necessary years later. Salvage laryngectomy is eventually needed in

some cases. With recurrences, atypical areas and dedifferentiation are seen.28,30,31 Chondrosarcoma does not

respond to radiotherapy.

Tracheal chondral tumors seem to be even less common than laryngeal tumors. Limited experience sug-

gests that these are most common in older males.32 They may vary from benign chondroma to chondrosar-

coma of increasing malignancy (Figure 7-10). Lesions may be largely intraluminal or extend through the tra-

cheal wall.33–35 Nonproductive cough is followed by dyspnea, first on exertion and then at rest, with

wheezing—especially on recumbency—late in the course. With chest x-rays initially “clear,” the diagnosis of

asthma is frequently carried for a long period. A medical student with a tracheal chondroblastoma was retro-

spectively identified as having had tumor present radiologically for 7 years (Figure 7-11). Cartilaginous

tumors are radiologically defined on all imaging modalities. Calcification is frequently seen as well as destruc-

tion of normal cartilages, especially in the larynx. A bulky extraluminal mass may be visible. Treatment is sur-

gical excision with tracheal reconstruction. The approach is directed by the location and extent of tumor (see

Chapter 24, “Tracheal Reconstruction: Anterior Approach and Extended Resection,” Chapter 25, “Laryngo-

tracheal Reconstruction,” and Chapter 28, “Reconstruction of the Lower Trachea [Transthoracic] and Proce-

dures for Extended Resection”). Complete excision is necessary to prevent recurrence and hence should be a

patient’s first procedure. Bronchoscopic debulking is not definitive treatment. Further, tumors apparently

progress in degree of malignancy or transform from being benign to malignant.36

True cartilaginous tumors are distinguished from hamartomas by the absence of other tissue ele-

ments that are seen in hamartomas: lipomatous, epithelial, and lymphoid. Our patients with chondroma



and chondroblastoma of the trachea had no recurrence after complete resection with primary anastomo-

sis. A low-grade, bulky chondrosarcoma treated by resection developed multiple, slow-growing pulmonary

metastases over many years, but had no tracheal recurrence.

Hemangioma of the airway occurs, especially in children, in the subglottic region of the airway.37 Half

of these children also have hemangiomas elsewhere. The lesions are generally characterized by proliferative

endothelial cells. Although lesions regress with age, they may require treatment because of their location

either in the lumen of the airway or as an extrinsic compressive mass. Lymphangioma can on rare occa-

sions similarly obstruct the trachea by pressure. Biopsy is to be avoided. A conservative approach is advised.

Treatment has included temporizing tracheostomy to await regression, laser, corticosteroids, and in the

past, irradiation. Laser therapy generally leads to remission.38,39 Interferon has shown effect but neurolog-

ical complications may occur.40
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FIGURE 7-9 Chondrosarcoma of larynx. A, Cervical
computed tomography (CT) scan showing the low-grade
tumor invading the laryngeal wall, notably the left
cricoid cartilage, in a 64-year-old man. Calcification is
notable in the tumor. Treated by laryngoplastic resection
and reconstruction. B, CT reconstruction showing the
extent of tumor. C, Bronchoscopic view of the same
tumor. The tumor is covered by mucosa. Note tracheal
rings distally on the right.
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An extremely rare lesion, but quite different, is arteriovenous vascular malformation in the anterior

and middle mediastinum, which may present within the tracheal lumen as an obstructive lesion (Figure 

7-12). These are not mediastinal hemangiomas, which are most often quite discrete.40,41 The arteriovenous

vascular malformation is fed by multiple arteries and entwines the mediastinum with a network of vascu-

lature.40,42 Such malformations are presumed to be congenital and not true tumors. Unless thrombosis has

occurred, the vascular endothelium is quiescent, rather than proliferative as in hemangiomas.

FIGURE 7-10 Chondral tracheal tumors. Benign chondroma causing nearly total obstruction, in a 69-year-old musician who suffered dysp-
nea and stridor for 9 months before diagnosis of obstruction by flow volume loop. Tomograms show in A, anteroposterior and B, lateral views,
how completely the lesion filled the tracheal lumen. C, The cut surgical specimen shows tumor originating from the anterior tracheal wall and
abutting the membranous wall. D, Roentgenogram shows a slowly progressive low-grade chondrosarcoma, which originated in the tracheal
wall, markedly displacing the trachea, brachiocephalic vein, and filling the upper mediastinum.
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In 2 patients, the malformation extended from the thoracic inlet to the diaphragm and was fed by

multiple arterial branches. These included thyrocervical, internal thoracic, right coronary, a branch of right

subclavian, and bronchial arteries. The huge resulting shunt enlarged the azygos vein and the superior and

inferior vena cava. The malformation protruded through the wall of the trachea in both, visible broncho-

scopically as a plexus of pulsating vessels. One patient had undergone right upper and middle lobectomies

in childhood for hemangiomatous lesions not further defined in prior records, and the other patient had

had cutaneous vascular lesions removed in childhood. Both were 25 years of age when seen. In one patient,

who had severe obstructive symptoms, management was commenced with an extensive program of embol-

ic obliteration of multiple feeding vessels from the neck, mediastinum, and right coronary artery. After
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FIGURE 7-10 (CONTINUED) E, Gross specimen,
excised via a cervicomediastinal approach. Concur-
rent carotid endarterectomy was performed. F, The
same specimen opened. The patient developed pul-
monary metastases and died many years later, but
without airway obstruction.
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FIGURE 7-11 Chondroblastoma in a 22-year-
old medical student, treated for years for
“asthma.” Retrospectively, a tracheal tumor
was identified on x-rays taken 7 years earlier.
The impression of the endotracheal tube on the
soft intraluminal tumor is seen.

FIGURE 7-12 Arteriovenous vascular malformations (AVM) of mediastinum involving trachea. Angiograms show widespread involvement
of the mediastinum and neck. A, A 25-year-old man with protrusion of AVM into the lower trachea (arrow) producing respiratory obstruc-
tion. Managed by multiple, repeated embolization of feeding arteries followed by successful tracheal segmental resection. His airway remained
clear 19 years later. See text. B, Lateral view of the patient in A. The arrow indicates tracheal invasion. C, A 25-year-old woman with more
diffuse tracheal compression by very extensive AVM. Intratracheal protrusion of vessels was also present. See text.
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reducing flow in this way, meticulous dissection accomplished resection of the involved portion of the tra-

chea. The basic malformation was not resectable in its entirety. Seven years later, multiple coronary arteri-

al venous fistulae were ligated at another hospital. Since then, the patient has continued to do well. The sec-

ond patient was not initially sufficiently symptomatic to justify such an extensive and somewhat perilous

approach. Years later, she presented at another hospital where embolization failed and surgery was unsuc-

cessful. She died there from intratracheal hemorrhage adjacent to a tracheostomy.

Glomus tumor, found most commonly in skin and subcutaneous tissue and especially in fingers

under the nails, occurs in the trachea only rarely. It arises from cells related to the glomus bodies, which

have smooth muscle characteristics.43 Symptoms in trachea are cough, dyspnea, and hemoptysis. The

tumors are benign and treated by limited but complete resection in most cases. Fourteen tracheal cases had

been collected by the year 2000.44 The tumors may be very vascular. Initial examination may suggest carci-

noid or hemangiopericytoma. Immunohistology clarifies the differential diagnosis. We have also encoun-

tered a very diffuse form, which contiguously involved most of the trachea with extension into right and

left main bronchi (Figure 7-13). The patient showed early response to external irradiation and brachyther-

apy, but required a stent to maintain a satisfactory lumen. Long-term palliation cannot yet be assessed,

although he continues to do well 31⁄2 years after treatment.

Granular cell tumor, formerly termed granular cell myoblastoma, is predominantly believed to arise

from Schwann cells, and is of muscle origin (Figure 7-14). The tumors arise most commonly in the tongue

and head and neck area. A small number occur in the airways, and most of these are in the larynx or

bronchi. Burton and colleagues collected 30 tracheal instances in 1992.45 Age of occurrence was from 6 to

56 years and the tumor was more often found in women. Many patients are black.46 Granular cell tumors

can be multiple in the airway or elsewhere, and malignant manifestation is only very rarely described. Tra-

cheal lesions appear most often intraluminally, but can be located or extend extraluminally. Tumor cells are

present deep in the tracheal wall in all the larger tumors.47 Endoscopic resection of the smaller tumors has

produced some long-lasting clearances. However, the frequency of recurrence (over half), lack of knowl-

edge of the tumor depth in unresected patients, the indolent course of tumor, late recurrences, and the need
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FIGURE 7-13 Diffuse glomus tumor. Broncho-
scopic view. Widespread nodular disease is evi-
dent. Treated by irradiation because of extent.
See text. Also, see Figure 19 (Color Plate 14).
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for very long-term bronchoscopic follow-up after endoscopic removal, favor primary limited but complete

sleeve resection of the trachea or bronchus. Patients often present with “asthma,” that is, shortness of breath

and wheezing, rather than hemoptysis. One 14-year-old girl with critical obstruction urgently required

laryngotracheal resection and reconstruction (see Figure 7-14). Follow-up bronchoscopy revealed a second

granular cell tumor in the bronchus intermedius, which was resected without loss of lung tissue. Multiple

granular cell tumors elsewhere have also been reported. The question of irradiation hardly arises with this

particular pattern of behavior, and when irradiation has been given, its effect has been uncertain.

A lesion that occurs infrequently in the lung and sometimes in the gastrointestinal tract is variously

termed postinflammatory tumor, pseudotumor, plasma cell granuloma, xanthoma, fibrous histiocytoma,

and by composite names formed from these terms (xanthomatous pseudotumor, plasma cell tumor,

fibroxanthoma, xanthogranuloma). Histologically, the lesions show proliferative mature plasma cells,

reticuloendothelial cells, granulation tissue stroma with proliferative fibroblasts, and contain lymphocytes

and fat-laden mononuclear cells. What is still not clear is whether these lesions are true tumors or in fact

inflammatory in nature (Figure 7-15). Tumors which might be considered inflammatory on broncho-

scopic biopsy may prove to be neoplastic and invasive on final examination.48 Depth of invasion into and

through the cartilage varies. Matsubara and colleagues have subdivided these lesions in the lung into three

groups.49 They question the relationship of these lesions, which they consider to be of inflammatory 

origin, with malignant fibrous histiocytoma. In the airway, the tumor causes cough, dyspnea, wheeze,

hemoptysis, and pulmonary changes due to obstruction.50,51 Tumors occur at any age but more often in

children and young adults. Intraluminal tumor may be polypoid or sessile.

Criteria for benignity or malignancy do not seem to be well established.52 The lesions can extend into

the mediastinum and the thyroid gland, giving rise to diagnosis of malignant fibrous histiocytoma.53,54 This

term is also used to describe high-grade sarcoma, adding to confusion. Laryngeal tumors may more often

appear malignant. On the other hand, complete excision of tracheal histiocytoma usually results in

FIGURE 7-14 Granular cell tumor of the upper tra-
chea, posteriorly based and extending over the
cricoid cartilage. An arc of posterior laryngeal
mucosa and submucosa is visible at the top of the
photograph. Only a slit of airway remains anterior
to the tumor. The patient, a 14-year-old girl, was
critically obstructed.



cure.47,48,53–55 Incomplete excision is likely to result in local recurrence. Increasing the etiologic mystery are

reports of resolution of pulmonary lesions following treatment with cortisone or spontaneously.56,57 This

last raises a question about the suggested beneficial effect of irradiation or of cortisone.58

In 2 patients with very large pseudotumors of the trachea, excision produced relief without recur-

rence. Extension of the lesion proximally over the posterior cricoid plate submucosally required excision of

the lesion anterior to the cartilage and reconstruction with a tongue of distal tracheal membranous wall

(see Figure 7-15). Sleeve resection of an obstructed left main bronchus for another lesion allowed salvage

and gradual effective recovery of the chronically inflamed lung. A measured decision must always be made

on whether a long obstructed lung can be usefully salvaged.

Primary neurogenic tracheal tumors are also uncommon. Horowitz and colleagues found reports of 3

neurofibromas (not with von Recklinghausen’s disease) and 12 neurilemomas (Schwannoma), to which they

added another.59 Most were in the lower trachea and produced cough, symptoms of tracheal obstruction, or

hemoptysis. Segmental resection was curative. Endoscopic resection may well result in long-delayed recur-
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FIGURE 7-15 Inflammatory pseudotumor of the trachea in a 39-year-old
woman, extending into the posterior subglottic larynx. A, Endoscopic view. The
cricoid is visible anteriorly, tracheal rings distally, and proximal extension of
lesion posteriorly. B, Magnetic resonance scan and reconstructions showing local-
ization of the lesion. From left to right: 1) subglottic and linear extent, anterior
view; 2) lateral view showing the posterior mass high in the airway; 3) cross sec-
tion of airway partly obstructed by bulky mass, with thyroid lobes on either side.
Removal of tumor required resection of 4 cm of trachea with posterior laryngeal
mucosa and submucosa, and sacrifice of invaded right recurrent laryngeal nerve.
Temporary tracheostomy was done. There has been no recurrence. A

B
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rence.59 Such a recurrent tumor was dumbbell in form and necessitated carinal resection and reconstruction.

Stack and Steckler added an upper tracheal case in 1990, the nineteenth reported patient.60 All were benign. A

patient with recurrent plexiform neurofibroma of the lower trachea, following previous local enucleation else-

where, attained cure (24-year follow-up) by extended resection of the trachea, including a portion of

esophageal wall and an isolated area of metastatic seeding in the prior thoracotomy wound (Figure 7-16). Local

enucleation of tumors from the tracheal wall is generally not an appropriate method of management.

Two patients with tracheal paraganglioma, which involved the posterior wall of the trachea intimate-

ly adjacent to the cricoid cartilage, were treated by segmental excision of the upper trachea, removal of a

portion of the posterior cricoid plate, and in one, a portion of the muscular wall of the esophagus. There

was no local recurrence. One, however, affected with familial incidence of multiple tumors, later presented

with bilateral carotid body tumors. His trachea remained clear. This tumor is not common and was first

reported in the trachea in 1956.61

Other mesenchymal tumors occur in the trachea. These include leiomyoma, lipoma, and fibroma

(Figure 7-17).62–64 Eleven tracheal leiomyomas have been reported, with calcification in one, just as occa-

sionally occurs in esophageal leiomyomas.63 The majority of hamartomatas are found in pulmonary

parenchyma, with less than a quarter presenting endobronchially and rarely in the trachea.65,66 Since these

lesions rarely produce hemoptysis, the patients often present with a high degree of obstruction after pro-

longed treatment for “asthma.” In a rare case where a benign connective tissue tumor is based on a narrow

pedicle, endoscopic removal alone may produce cure. Such patients, however, should be observed bron-

choscopically for years for recurrence. Where there is any degree of involvement of tracheal wall, segmen-

tal tracheal resection is advisable. Resection is definitive, and given the limited resection required, carries

little morbidity in experienced hands.

FIGURE 7-16 Plexiform neurofibroma of the lower trachea, in an 11-year-old boy. Resected by enucleation 6 1⁄2 years previously. There was
also an incisional recurrence. The patient is tumor-free 24 years after sleeve resection. A, Resected 4.5 cm specimen with surrounding tissue.
Lobule of tumor protrudes from the cut end of the trachea. B, Opened specimen showing the extent of recurrent tumor.
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Extramedullary solitary plasmacytomas occur most often in the head and neck. In 1995, Logan and

colleagues reported the eleventh such tracheal patient.67 It is not known how likely these patients are to

develop multiple myeloma. Resection and subsequent irradiation are advised for the apparently solitary

tracheal lesion.

Non-Hodgkin’s lymphoma (NHL) is rarely confined primarily to the trachea or bronchi. In addition

to lymphocytic lymphoma, mucosa associated lymphoid tissue, and anaplastic histologic subtypes of NHL,

lymphoplasmacytoid lymphoma has been found in the trachea.68 Symptoms of tracheal lymphoma are

cough and those of airway obstruction, frequently misdiagnosed as asthma. When other anatomic sites are

not involved, the disease is often of lower grade histology. Fidias and colleagues identified 5 patients with

primary tracheal disease, variously treated with chemotherapy, resection, and irradiation.69 An additional

36 were found to have secondary tracheal involvement. The tumors may arise from mucosal lymphoid tis-

sue, forming “lymphoepithelial” lesions. Since the cases are few, treatment regimens have varied widely.

Long-term freedom from disease (12 to 64 months) resulted in 4 of 5 patients followed. One patient

required tracheal resection for malacia following complete response to chemotherapy. Irradiation was then

added. Maeda and colleagues reported survival over 5 years after tracheal resection only for primary tra-

cheal malignant lymphoma.70 Although experience is sparse, appropriate treatment for stage I extranodal

tracheal lymphoma would seem to be chemotherapy, surgery where feasible, and irradiation. Resection may

not prove to be necessary in all cases, but when needed, it is best done prior to irradiation. Recurrence may

follow after a long interval. Thus, one of my patients, who had tracheal resection with laryngotracheoplas-
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FIGURE 7-17 A, Lateral tomogram of fibroma high in the trachea (arrow).
A tracheostomy had been done unnecessarily prior to referral. B, Antero-
posterior tomogram showing a low-grade spindle cell sarcoma in the upper-
most trachea, just below the cricoid, in a 15-year-old female. The right side
of the cricoid was bevelled to provide a wider margin. No recurrence
occurred in 10-year follow-up.
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ty for diffuse mixed cell and large cell malignant lymphoma, followed by irradiation, suffered recurrence

retroperitoneally 11 years later, without airway disease.

Hodgkin’s lymphoma in mediastinal lymph nodes has affected the trachea in late stages from recur-

rence with perforation (tracheoesophageal or tracheomediastinal fistula) or from fibrous stenosis years after

chemotherapeutic and irradiation treatments.71,72 In the latter case, surgical resection seems contraindicated

(see Chapter 42, “The Omentum in Airway Surgery and Tracheal Reconstruction after Irradiation”).

Fortunately, sarcomas are uncommon. This group includes leiomyosarcoma, fibrosarcoma, and rhab-

domyosarcoma.73–75 All are uncommon in the trachea and bronchi. In 1999, Vinod and colleagues discov-

ered in the literature 8 cases of leiomyosarcoma, 6 of malignant fibrous histiocytoma, and 1 each of rhab-

domyosarcoma, fibrosarcoma, liposarcoma, and non-human immunodeficiency virus (HIV) Kaposi’s

sarcoma, all primary in the trachea.54 Of these 18 cases followed for varied time periods, only 3 died of dis-

ease and 1 of other causes. The behavior of sarcomas is variable (see Figures 7-17B, 7-18). Although in our

series a low-grade spindle cell sarcoma and a fibrosarcoma did not recur after resection, other sarcomas

have been of high malignancy, and, in several cases, have been too extensive for resection when first iden-

tified. Irradiation and chemotherapy should probably be considered after surgical extirpation, but data are

few for each cell type. In the case of a highly malignant sarcoma, postoperative irradiation has not appeared

to delay recurrence. Pulmonary metastases seemed to occur early. Obstructing Kaposi’s sarcoma was also

identified exclusively in the subglottic region and trachea of an HIV-positive patient, and treated by laser

and irradiation.76 Endobronchial lesions are often present in acquired immunodeficiency syndrome

(AIDS) patients with hilar adenopathy and perihilar infiltration, who show Kaposi’s sarcoma of the skin

and mucous membranes.77,78 Obstruction may occur. Prognosis is very poor.

Clinical Presentation

Patients with tracheal tumors commonly have a long history of persistent coughing, which may steadily

worsen. A patient notices gradual onset of shortness of breath on exertion, which will progress to dyspnea

FIGURE 7-18 Infiltrating spindle cell
sarcoma with myxoid stroma, involving
the lower trachea (T), carina, and much
of the left main bronchus (Lt), in a 28-
year-old man. Carinal resection and left
pneumonectomy were followed by 6,000
cGy irradiation and chemotherapy. The
hook in the gross specimen is at the cari-
na. The patient died 3 years later of tumor
progression.



at rest. At this point, the airway is reduced to 30 to 50% of its normal cross-sectional area. Dyspnea may be

aggravated by eating and by position. Wheeze is followed by true stridor (Table 7-3).79 Chest

roentgenograms are frequently interpreted as normal on the basis of clear lung fields, although the lesion

may well be visible if the tracheal air column is examined critically. Unfortunately, a radiologist’s index of

suspicion of a tumor in the presence of such symptoms is all too often no greater than that of a pulmo-

nologist or thoracic surgeon. In a patient with signs of upper airway obstruction—dyspnea on exertion,

wheeze, or stridor, with or without cough—organic obstruction of the upper airway should be suspected, even

if the lung fields appear to be clear on standard roentgenograms. The patients are all too often treated for “adult

onset asthma” or for other imprecise diagnoses for long periods of time. Some present with Cushingoid

appearance due to prolonged administration of high-dose steroids for treatment of presumed asthma. Such

patients should be bronchoscoped early. A benefit of increasing use of computed tomography (CT) scans is

earlier identification of tracheobronchial lesions.

Hemoptysis occurs sooner or later with many tumors, especially epithelial. It is more common with SCC

of the trachea, somewhat less common with ACC and carcinoid tumors, and may not occur at all with many

tumors, especially of mesenchymal origin, benign or malignant. Since the warning sign of hemoptysis is less

frequent in ACC than in SCC (Table 7-4), the duration of symptoms is usually longer in the former and

wheeze has more often developed.6 As expected, resectability diminishes in patients with a longer average

duration of symptoms prior to diagnosis in both types of carcinomas (Table 7-5). Hemoptysis mandates

bronchoscopy, even with apparently clear lung fields radiologically, and is explained away distressingly

often as due to strenuous cough, tracheobronchitis, or pneumonia. The bronchoscopist must think of the

possibility of tracheal tumor. In particular, if the tumor is in the upper trachea, the bronchoscopist, even

with a flexible bronchoscope, may pass too quickly from the vocal cords to a supracarinal, carinal, and

bronchial examination and overlook a small proximal tracheal lesion. If examination is made with the flex-

ible bronchoscope through an endotracheal tube, the tube must be withdrawn to the level of the glottis as

the examination is completed so that the entire trachea is visualized.

Unilateral or bilateral pneumonitis may occur. Episodes of pneumonia or pneumonitis may respond

to treatment, only to recur. Recurrent pneumonia or persisting pulmonary infiltrates, particularly in an

otherwise healthy patient, are indications for bronchoscopy. A small tumor low in the trachea may produce

recurrent unilateral pneumonitis and yet be of such small size that it is not visualized on tomography.

A thin-section CT scan, however, will demonstrate even tiny tracheobronchial lesions. Hoarseness results
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Table 7-3 Symptoms and Signs Associated with Tracheal Tumors

Number from 84 Patients

Dyspnea 44

Hemoptysis 28

Cough 22

Wheezing 16

Dysphagia 13

Change in voice and/or hoarseness 13*

Stridor 12

Pneumonia 10

Emphysema and/or asthma 9

Adapted from Weber AL and Grillo HC.79

*Eight of 13 had vocal cord paralysis.
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from involvement of a recurrent laryngeal nerve by tumor. Dysphagia is a late symptom caused by

esophageal invasion. Untreated, death results from asphyxia, pneumonia, or hemorrhage.

Diagnostic Studies

Only very rarely will the imaging studies described in Chapter 4, “Imaging the Larynx and Trachea,” fail to

define the location and extent of a tracheal tumor (Figure 7-19). Oblique tomography or thin-section CT

scan will usually identify small and otherwise subtle tracheal lesions. Virtual bronchoscopy may add a pic-

torial dimension, although it is not essential. If pulmonary lesions are also discovered, a fine needle percu-

taneous biopsy is useful to determine their nature.

Bronchoscopy is essential sooner or later (see Chapter 5, “Diagnostic Endoscopy”). The number of

tracheal lesions overlooked or diagnosed late will be minimized if bronchoscopy is routinely used in the

following circumstances: 1) patients who suffer from prolonged cough, dyspnea on exertion, and wheezing

or stridor—without precise and proven diagnosis; 2) patients with hemoptysis; 3) patients with recurrent

atelectasis, pneumonitis, pneumonia, or persistent unexplained pulmonary infiltrate. Where a lesion has

been identified radiologically, is not unusually extensive, and clearly would be best treated by resection, a

rigid bronchoscopy is often deferred to the general anesthesia under which resection is planned. The endo-

scopic management of severe acute obstruction by tumor is outlined in Chapter 19, “Urgent Treatment of

Tracheal Obstruction.” If there is possible hazard from an attempt at biopsy and the patient is to be referred

to a center for definitive surgical resection, biopsy is best deferred.

Table 7-4 Comparative Symptoms in Adenoid Cystic Carcinoma (ACC) and Squamous Cell 

Carcinoma (SCC) of Trachea

Number from 135 Patients of each Diagnosis

ACC SCC χ2

Dyspnea 65 50 0.014

Cough 55 52 NS

Hemoptysis 29 60 < 0.001

Wheeze 44 27 0.003

Stridor 21 27 NS

Hoarseness 10 13 NS

Dysphagia 7 7 NS

Fever 7 4 NS

Other 12 14 NS

Adapted from Gaissert HA et al.6

NS = not significant.

Table 7-5 Duration of Symptoms and Resectability

Tumor Type ACC (months) SCC (months)

Resectable 18.3(14.6–21.9) 4.5(3.6–5.5)

Unresectable 23.7(15.1–32.3) 7.6(2.8–12.4)

Adapted from Gaissert HA et al.6

The range is given in parenthesis.

ACC = adenoid cystic carcinoma; SCC = squamous cell carcinoma.
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FIGURE 7-19 Radiologic definition of adenoid cystic carcinoma in
a 28-year-old woman. A, Standard posteroanterior view shows lit-
tle obviously abnormal. The arrow indicates tumor in the lower
trachea. B, Large lower tracheal mass is seen near the carina on a
lateral roentgenogram. C, Anteroposterior tomogram outlines the
supracarinal mass.
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FIGURE 7-19 (CONTINUED) D, Lateral tomogram demonstrates the posterior location of the base of tumor. E, Barium
esophagogram shows smooth indentation of the esophagus by the mass. F, Computed tomography scan clarifies the com-
ponent of tumor extending beyond the tracheal lumen. Carinal resection was required for an adequate margin, and was
followed by radiotherapy. She remained well and without recurrence 19 years later.
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Functional studies are rarely of much practical use. Obstruction of the central airway requires relief.

No matter how diminished the pulmonary reserve is, the patient will be improved by relief of the proximal

airway obstruction. The surgical approach to distal tracheal lesions may be altered in the light of very poor

pulmonary parenchymal function, however.

Treatment and Results

Surgical Management

Until the development of current techniques of tracheal resection and reconstruction, prospects for cure of

tracheal tumors were small. Even when a lesion seemed potentially curable, some surgeons were often so

inhibited by fear of inability to reconstruct the trachea that they settled for very limited local resection,

often lateral resection, in an effort to maintain tracheal continuity. Local recurrence frequently followed

such limited resection. Radiotherapy almost uniformly resulted in local recurrence even of radiosensitive

tumors after varying periods of time, longer with ACC (3 to 7 years) than with squamous carcinoma (1 to

21⁄2 years). Characteristic reports from this era were those by Houston and colleagues in 1969, listing 53 pri-

mary tracheal cancers seen over a 30-year period, and by Hajdu and colleagues in 1970, noting 41 patients

over a 33-year period.80,81 Because data is limited—due to the still relatively small number of cases report-

ed, the absence of many single institutional series of significant size with prolonged follow-up, and the wide

range in types and behavior of tracheal tumors—it is difficult to be categorical about management. How-

ever, enough information has accumulated in the past 30 years to formulate preliminary conclusions. In

1978, Grillo reported 63 patients, and in 1990, Grillo and Mathisen reported 198 patients with primary tra-

cheal tumors treated at MGH, the latter report spanning 26 years.1,82 Eschapasse, Pearson, and Perelman,

and their colleagues offered significant series.3,4,83 The combined experience of 26 French, German, and

Italian hospitals was reported in 1996 by Regnard and colleagues.5

The distribution of primary tumors has been noted previously. In a 1990 series, 132 (66%) of our

patients underwent resection with primary reconstruction of the airway (Table 7-6).1 In 9 of these (adenoid

cystic 3, squamous 1, other 5), involvement of the lower larynx by a high tracheal tumor required removal

of a portion of the larynx with suitable tailoring of the distal trachea to accomplish reanastomosis with a

remaining functional larynx (see Chapter 25, “Laryngotracheal Reconstruction”). In an additional small
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Table 7-6 Primary Tracheal Tumors (1990)

Variable Squamous Adenoid Cystic Other Total

Number of lesions 70 80 48 198

Percentage of total 36 40 24 100

Surgical treatment 50 65 43 158

Excised 44 60 43 147

Percentage of type 63 75 90 74

Explored 6 5 0 11

Resection

With reconstruction 41 50 41 132

Trachea 32 22 28 82

Carina 9 28 13 50

Laryngotracheal resection 1 4 2 7

Staged procedure 2 6 0 8

Adapted from Grillo HC and Mathisen DJ.1
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number of patients (7), the larynx was so extensively involved by a high tracheal tumor that salvage was

impossible and laryngotracheal resection was performed (Figure 7-20). Eight staged resections were per-

formed where primary reconstruction was not possible and where it was planned ultimately to reconnect the

larynx to the distal trachea in secondary procedures. Since so few of these succeeded optimally, staged pro-

cedures were abandoned. Sixty-three percent of all SCCs were resected, as well as 75% of all ACCs and 90%

of others. The high resectability rate of the last group was due to the large number of benign lesions (see

Table 7-6). Resectability rates remained stable at 68% for SCC and 73% for ACC as the series grew.6

Principal contraindications to resection are 1) extensive linear involvement of the airway such that pri-

mary end-to-end resection would not be possible without excessive tension, 2) mediastinal invasion of non-

resectable organs, or 3) remote metastases. Although palliative resection may be advisable in some patients

with ACC or differentiated thyroid carcinoma, to remove a potentially obstructing lesion even in the face of

pulmonary metastases, I usually prefer to embark upon tracheal resection and reconstruction where there is

a chance of cure. This applies even more to carinal resection because of increased risks of major surgical

morbidity and higher mortality (see Chapter 21, “Complications of Tracheal Reconstruction”).

Emergency management of patients with severe obstruction is described in Chapter 19, “Urgent

Treatment of Tracheal Obstruction.” If resection and reconstruction is not deemed to be possible because

of linear extent of the lesion, primary radiotherapy is employed (see Chapter 41, “Radiation Therapy in the

Management of Tracheal Cancer”). Brachytherapy has, on occasion, been added to external beam irradia-

tion in selected patients. In the presence of bulky tumor with extrinsic compression of the tracheal wall,

often after failure of radiotherapy, a T tube or a solid or coated expandable stent may span the area of

obstruction for a time (see Chapter 40, “Tracheal and Bronchial Stenting”).

Surgical approaches (see Tables 7-6, 7-7) and techniques for resection are described in Part 2,

“Therapeutic Techniques and Management” (see Chapters 23–25, 28, 29, 34). The differing distribution

of tumors is highlighted by the fact that 9 of 41 (22%) patients undergoing primary resection and recon-

struction for SCC underwent resection of the carina, whereas 28 of 50 (56%) patients who had ACC were

treated by carinal resection. By the year 2002, these figures were 22% and 41%, respectively. Laryngeal

release was used 7 times in 82 (8.5%) patients undergoing tracheal resection for tumor. It was earlier also

used 5 times in those undergoing carinal resection. I have since concluded that it can be useful in carinal

resection, only where a large portion of the trachea itself has been removed, since laryngeal release only

assists in advancement of the upper half of the trachea. This was confirmed by Valesky and colleagues in

anatomic studies.84 Hilar release, on the other hand, particularly the inferior portion of release at the level

of the inferior pulmonary vein, was used in 12 of 32 (38%) patients undergoing transthoracic tracheal

resection and 23 of 50 (46%) patients treated by carinal resection. Additional structures removed in these

resections included a lobe of the thyroid, portions of the esophageal wall, and recurrent laryngeal nerve.

Where extensive radiotherapy had been used prior to the operation, either remotely or recently, an omen-

tal pedicle flap was used to wrap the anastomosis (see Chapter 42, “The Omentum in Airway Surgery and

Tracheal Reconstruction after Irradiation”).

Gaissert and colleagues commenced review of the MGH experience with tracheal tumors to the year

2002.6 Figures cited here are therefore somewhat preliminary. In 40 years, 135 patients were treated for ACC

and 135 for SCC. Overall resectability rates were 78% for ACC and 68% for SCC. Given that twice as many

patients suffering from SCC were smokers, the significantly increased incidence of prior carcinoma of the

lung (15%), larynx (7%), and other head and neck lesions (4%) is not surprising. The overall incidence of

prior upper respiratory tract cancer in patients with SCC of the trachea was 27%. The principal reasons for

nonresectability were extent of airway involvement (ACC 68%, SCC 67%) and extent of regional disease

(ACC 23%, SCC 24%). Other causes were distant disease (ACC 6%, SCC 7%), medical contraindication

(ACC 0, SCC 2%), and patient’s choice (ACC 3%, SCC 0).
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FIGURE 7-20 Very extensive adenoid cystic carcinoma which prohibited salvage of
the larynx in a 39-year-old man. Diagnosis had failed to be made at an initial pre-
sentation with hoarseness and a paralyzed vocal cord 2 years earlier. Now he had
dysphagia, dyspnea on effort, but no hemoptysis. The extent of laryngeal involve-
ment precluded any attempt to salvage it. The patient was considered a candidate
for cervicomediastinal exenteration (laryngotracheal pharyngoesophageal resection
with mediastinal tracheostomy and esophageal replacement). Endoscopic views.
A, Laryngoscopy. Tumor invades the subglottis up to the conus elasticus and fills the
posterior commissure (arrow). B, Esophagoscopy shows submucosal tumor invad-
ing the esophagus anteriorly. C, Tomogram. Anteroposterior view. Tumor encircles
the subglottis, paralyzes the vocal cord, and invades the upper trachea (open
arrow). The solid arrow marks the glottis. D, Computed tomography delineation
of tumor. Tumor infiltration of the larynx. The arch of thyroid cartilage is anterior,
the remnant of cricoid posterior.
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Nearly 75% of patients undergoing tracheal resection for ACC and SCC were operated upon in the

second two decades of this study (1982 to 2001), reflecting a variety of likely factors. The distribution of

types of operation performed overall is listed in Table 7-7. The mean tumor lengths resected were 3.1 cm

for all (standard deviation [SD] 1.7), 3.5 cm for ACC (SD 1.9), and 2.6 cm for SCC (SD 1.4).

Operative Results 

Complications that occurred in the series of 132 resections and reconstructions, which was comprised of

consecutive experience from my first tracheal resections for tumors in 1962 until 1989, included the fol-

lowing: anastomotic stenosis in 2 after tracheal resection and in 4 after carinal resection; 3 air leaks; 4 suture

line granulomas; 1 esophageal fistula after partial excision of the esophageal wall; unintended vocal cord

paralysis in 8; and problems with aspiration or laryngeal function in 6, principally after laryngeal release.

Stenoses were most likely due to excessive tension on the anastomosis, particularly following extended

resection, abetted in one patient almost certainly by lengthy preoperative treatment with prednisone in

high doses. All anastomotic stenoses were treated successfully by re-resection at a later date, although with

a loss of reimplanted right upper lobe in 2 patients who had carinal reconstructions. Suture line granulo-

mas antedated the use of absorbable suture material. Since absorbable Vicryl has been solely used for tra-

cheal anastomosis, suture line granulomas have all but disappeared. Pulmonary edema occurred in 2

patients after right carinal pneumonectomy. Surgical complications are dealt with in detail in Chapter 21,

“Complications of Tracheal Reconstruction.”

FIGURE 7-20 (CONTINUED) E, Extension of tumor in the trachea, upper
mediastinum, and around the esophagus. Carotid arteries are not invaded.
F, Surgical specimen from another patient with adenoid cystic carcinoma, a
41-year-old man, viewed posteriorly. Tumor extends from the arytenoids
downward. The esophagus was not involved. Total thyroidectomy, para-
thyroidectomy, and laryngotracheotomy were done. Because of the low level
of mediastinal tracheostomy necessary, the brachiocephalic artery was divid-
ed and the omentum advanced. The patient later developed bone, lung, and
liver metastases, which progressed slowly. He died from brain metastases 
10 years later.
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In our 2002 review of all resections done over 40 years for ACC and SCC of the trachea, 4 of 101

patients with ACC and 7 of 90 with SCC required postoperative ventilation. Anastomotic separations

occurred in 5 (5%) with ACC and 7 (8%) with SCC or 6.3% for both groups.

Seven operative deaths in 132 patients undergoing tracheal and carinal resection and reconstruction

totaled 5% (Table 7-8).1 One death (1%) occurred in the 82 patients undergoing tracheal resection;

6 deaths (12%) occurred among the 50 undergoing carinal reconstruction. The single death after tracheal

reconstruction was due to anastomotic leakage and pneumonia. The deaths after carinal reconstruction

were due to respiratory failure after anastomotic leakage, pulmonary edema, and pneumonia, and 1 from

hemorrhage was probably due to pulmonary artery erosion. He was the single such patient in whom tissue

had not been interposed between the anastomosis and pulmonary artery. Mortality was also high among

the 9 patients who underwent exploration only, probably related to the extent of their malignant disease.

As noted, failure and mortality rates in the group of staged reconstructions were high enough to discour-

age further use of this approach, except in extraordinary circumstances. Prostheses were not employed.

The beneficial effect of growth of experience—patient selection, operative approach, improved tech-

niques, increased comprehension of operative limits—is reflected in the progressive diminution of opera-

tive mortality for resection of ACC and SCC in successive decades: 21%, 11%, 5%, 3% (Table 7-9).

Oncologic Results

In 1990, 135 of 147 patients were reported to have survived tumor resection.1 At the time of the survey, 49%

of the patients with SCC, 75% of those with ACC, and 83% of patients with other tumors were alive and

free of disease. These figures were difficult to interpret since the patients were spread over many years and

accrued at a variable rate. The higher survival in the third group obviously reflected the large number of

benign tumors and tumors of low malignancy in this group.

In 2002, an analysis of the cumulative results of resection plus postoperative irradiation in nearly

every case showed an absolute survival rate of 88% from operation for ACC; 86% at 1 year, 64% at 5 years,

and 45% at 10 years.6 Treatment by irradiation only showed 44% survival at 5 years and 15% at 10 years

(Table 7-10). Resection of SCC, with 95% survival of operation, gave survivals of 91% at 1 year, 46% at 

5 years, and 25% at 10 years. Unresected survival was 8% at 5 years and 5% at 10 years (with irradiation)

(see Table 7-10; Figure 7-21). A few unresected patients of both histologies underwent exploration only.

The results cited for both types of cancers are for patients followed to the time of their death or with-

in 18 months of enumeration (up to 40 years follow-up). In our earlier study, SCC of the trachea recurred

in a pattern similar to that of squamous carcinoma of the lung; that is, within 5 years, and frequently with-
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Table 7-7 Types of Resection Performed For ACC and SCC of Trachea (2002)

ACC SCC Total 

Type of Resection n % n % n %

Laryngotracheal 8 8 8 9 16 8.4

Tracheal 45 45 57 63 102 53

Tracheal with permanent tracheostomy 7 7 5 6 12 6.3

Carinal without pulmonary resection 23 23 18 20 41 21

Carinal with pulmonary resection 18 18 2 2 20 10

Total 101 100 90 100 191 100

Adapted from Gaissert HA et al.6

ACC = adenoid cystic carcinoma; SCC = squamous cell carcinoma.
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in 3 years (Table 7-11). Adenoid cystic carcinoma, on the other hand, recurred later, but continued to occur,

sometimes many years later (see Table 7-11). Local recurrence, as well as metastases, have been observed 17

and 20 or more years after presumed complete resection. The slower rate of tumor progression and greater

susceptibility to irradiation are probably both determining factors.

As in most malignant neoplasms, a complete resection promises more favorable survival (Table 

7-12). Five- and 10-year survival rates for ACC were 84% and 68%, respectively, with negative proximal and

distal resection margins against 50%, and 28% with positive margins. Even more striking are the corre-

sponding figures for squamous cell cancer of 52% and 30% versus 13% and 0% (Figure 7-22).

Eschapasse collected 152 primary tumors from multiple teams in France and in the USSR.83 In 1974,

he reported 121 patients treated surgically, 75 reconstructed after resection (47 trachea, 28 carina), with 13

deaths. Five of 19 patients with adenoid cystic tumors were alive and free of disease from 3 to 9 years, and

11 of 27 with SCC were alive and free of disease from 7 months to 16 years. In 1987, Perelman and 

Table 7-8 Results of Surgical Treatment of Primary Tracheal Tumors (1990)

Variable Squamous Adenoid Cystic Other Total

Number of tumors resected 44 60 43 147

Operative deaths (resection) 3 8 1 12

Resection, reconstruction

Trachea 1 0 0 1

Carina 1 4 1 6

Percent (resection reconstruction) 5 8 2 5

Laryngotracheal 0 0 0 0

Staged procedures 1/2 4/6 0 5

Exploration only 2/6 1/3 0 3

Survival (resected tumors)

Dead

Of tumor 13 7 3 23

Of other cause 6 5 1 12

Alive

With tumor 0 1 0 1

Without tumor 20 39 35 94

Lost to follow-up 2 0 3 5

Adapted from Grillo HC and Mathisen DJ.1

Table 7-9 Surgical Resection and Mortality Rates by Decade for Adenoid Cystic and Squamous Cell

Carcinomas of Trachea and Carina

Resection Rate Mortality Rate 

Decade Years Number (%) (%)

1 1962–1971 19 68 21

2 1972–1981 54 61 11

3 1982–1991 107 66 5

4 1992–2001 88 82 3

268 71 7



Koroleva reported 116 open operations on 153 patients with all types of tumors.85 Seventy-five underwent

sleeve resection (n = 41) or carinal resection (n = 34), with 11 deaths. The actuarially calculated survival

was 13% for SCC at 5 years and 66% for ACC at 5 years.

Pearson and colleagues described 29 resections in 44 patients with primary tracheal tumors (16 sleeve

resections, 13 carinal resections, 2 deaths).3 Nine of the patients with ACC were alive without disease from 
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Table 7-10 Absolute Survival from Adenoid Cystic or Squamous Cell Carcinoma of Trachea and 

Carina With and Without Surgical Resection

Survival (%)

Number Operation 1-year 5-year 10-year

Adenoid Cystic 

Resected 81 88 86 64 45

Unresected 30 97 86 44 15

Squamous

Resected 87 95 91 46 25

Unresected 41 95 68 8 5

Total 239 93 84 84 26

Adapted from Gaissert HA et al.6

All patients were followed up to their death or within less than 18 months. Nearly all received postoperative irradiation, but dosage varied.

FIGURE 7-21 Absolute survival of patients with adenoid cystic carcinoma (ACC) and squamous cell carcinoma (SCC),
resected and unresected. Chart includes only patients with complete follow-up.
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1 to 20 years after operation. Three died of other disease 6 to 18 years postoperatively. Two were alive with dis-

ease. Four of 6 patients with squamous cell cancer were alive 6 to 56 months after resection. In 1996, Maziak

and colleagues reported on 30 resections of 36 (83%) patients with ACC, with 7% mortality and survival rates

of 79% and 51% at 5 and 10 years, respectively.11 Similar results were obtained in a smaller series.12

A collected series of 208 patients with primary tracheal tumors, from 26 institutions in France,

Germany, and Italy, was composed of 94 with SCC, 65 with ACC, and 49 with other tumors.5 Of these

Table 7-11 Survival after Resection of Tracheal Carcinoma (1990)

Variable Squamous Adenoid Cystic

Operative deaths 3 8

Alive without carcinoma

> 10 yr 3(9)* 5(11)

5–10 yr 4(10) 11(12)

3–5 yr 3(6) 10(11)

0–3 yr 10(11) 13(13)

Died of carcinoma

> 10 yr 0 4

5–10 yr 0 1

3–5 yr 5 2

0–3 yr 8 0

Died without carcinoma; lost

> 10 yr 1 0

5–10 yr 3 0

3–5 yr 1 1

0–3 yr 3 4

Alive with carcinoma 0 1

Adapted from Grillo HC and Mathisen DJ.1

*Original number of operative survivors, excluding those who died of other causes later, is shown in parentheses.

Table 7-12 Survival after Resection of Adenoid Cystic or Squamous Cell Carcinoma of Trachea and

Carina With Negative or Positive Margins (2002) 

Survival (%)

Number Operation 1-year 5-year 10-year 

Adenoid Cystic

Negative margins 30 87 90 84 68

Positive margins 49 88 83 50 28

Squamous

Negative margins 67 97 94 52 30

Positive margins 17 88 75 13 0

Total 163 91 88 53 33

Adapted from Gaissert HA et al.6

Nearly all received postoperative irradiation of varied dosage. Margins are at proximal and distal resection lines. Lateral margins and lymph nodes are

not noted here.



patients, 165 underwent tracheal resection and primary anastomosis, 24 underwent carinal resection, and 19

underwent laryngotracheal resection, with an overall mortality of 10.5%. Survival at 5 and 10 years for ACC

was 73% and 57%, and 47% and 36% for other tracheal cancers (squamous plus 4 with adenocarcinoma),

respectively. Comparative observations on treatment of ACC by several groups are summarized in Table 

7-13. The behavior of our remaining heterogeneous group of 48 tumors other than squamous cell or ade-

noid cystic carcinomas may be summarized as follows.1 Typical carcinoids did not recur, mucoepidermoid

tumors behaved benignly in this series, and all benign tumors were cured. The few aggressive sarcomas gen-

erally suffered early recurrence. On the other hand, malignant fibrous histiocytoma, pseudosarcoma, and

low-grade spindle cell sarcoma did not recur. Two small cell carcinomas, which had no evidence of nodal

spread and were treated with additional standard chemotherapy, showed no recurrence in over 5 years.

Unfortunately, these experiences are in anecdotal numbers only.

Radiotherapy

Nearly all our patients with SCC, ACC, or sarcoma received postoperative irradiation. Radiotherapy was given

since it is impossible to obtain sufficiently generous margins beyond the tumor in most tracheal resections

because of the limited length of the trachea. In many cases, it was necessary to accept microscopically posi-

tive margins, especially with ACC, to permit reanastomosis. In some, adjacent lymph nodes were positive.

Irradiation was given in an attempt to “sterilize” microscopic disease. The dose advised was in the range of

5,500 cGy (see Chapter 41, “Radiation Therapy in the Management of Tracheal Cancer”). The actual doses

given varied since most patients were returned to their home communities for radiotherapy.
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FIGURE 7-22 Survival of patients resected for adenoid cystic carcinoma (ACC) and squamous cell carcinoma (SCC) with
negative and positive margins. Margins are proximal and distal lines of resection.



244 Surgery of the Trachea and Bronchi

In our 1990 study, not unexpectedly, we observed that positive lymph nodes in SCC were more com-

monly present in patients who later died with cancer than in those who survived without cancer.1 Of 13

patients who died of cancer, 6 had positive lymph nodes. Of 22 disease-free survivors, only 2 had positive nodes.

Invasive carcinoma at the resection margin had different consequences from in situ carcinoma. Four of 5

patients with invasive carcinoma died, whereas 6 with in situ carcinoma remained disease free. Parallel obser-

vations have been made in bronchogenic squamous carcinoma with respect to additional in situ lesions.

Both lesions are sensitive to radiotherapy, in particular, ACC. Since it has been argued that radio-

therapy might be considered as primary treatment for tracheal tumors, we examined the outcome of

patients treated by resection followed by irradiation in comparison with those patients treated by irradia-

tion alone (including patients explored but not resected).86,87 Although these are not totally comparable

groups, the principal reason for not resecting the trachea in ACC was that the linear extent of the tumor

was too great, rather than because of lateral bulk. In that sense, both shorter tumors and longer tumors may

be considered somewhat comparable in accessibility to radiotherapy. Table 7-10 shows that there is a clear

difference in survival of patients with both squamous and adenoid cystic tracheal carcinomas, when treat-

ed by resection followed by irradiation, when compared with irradiation alone (see Figure 7-21).1,6 Further,

there appeared to be palliative benefit in giving irradiation after resection, even in those patients who ulti-

mately died of recurrent carcinoma. The median survival of patients with SCC undergoing irradiation

alone was 10 months, compared with 34 months for those who also were resected.1 Comparable figures for

ACC are 28 months and 118 months, respectively. Cheung found primary radiotherapy for squamous cell

and adenoid cystic carcinomas of the trachea in doses from 4,000 to 6,000 cGy to be ineffective in obtain-

ing complete local control.88 Preoperative irradiation was briefly proposed by Pearson and colleagues but

no data are available to support this use.3 The roles of external radiotherapy and brachytherapy are more

fully expounded in Chapter 41, “Radiation Therapy in the Management of Tracheal Cancer.”

Recommendations for Treatment

Based on our experience cited, and the experiences of other groups, we make the following recommenda-

tions for management of primary tumors of the trachea.

Table 7-13 Treatment of Adenoid Cystic Carcinoma of Trachea

Author (reference)

Perelman (85) Grillo (1) Regnard (5) Maziak (11)§ Gaissert (6)

Year of report 1987 1990 1996 1996 2002

Years included 20 26 23 32 40

Number of patients — 80 — 38 135

Number of resected* 56 60 65 32 101

% resected — 75 — 84 75

Operative mortality (%) 14† 13 6 9 11‡

Radiotherapy also (%) 41 100 43 81 100

Survival (%)

5 years 66 79 73 79 64

10 years 56 42 57 51 45

*Tracheal and carinal resections.
†All tracheal tumor resections.
‡3% for 1992–2001.
§ACC only



1) All benign primary tumors of the trachea and tumors of intermediate aggressiveness are best treated

by complete surgical resection with primary reconstruction.

2) Primary SCC and ACC of the trachea are best treated by resection followed by irradiation, as long as

primary reconstruction is judged to be safely possible.

3) Malignant primary tumors of other types should be resected if technically safe to do so, and irradia-

tion most likely should be added despite small experience with many of these tumors.

The limited information that has accrued in the literature seems to support these recom-

mendations.1,3–6,83,88,89

A final cautionary note is in order. During many years of treating tracheal tumors, I have seen numer-

ous patients who have suffered prolonged delay in surgical management. Delay has first been due to the

failure to make a timely diagnosis. The second significant cause of delay has been failure to offer definitive

therapy because of lack of appreciation of the availability and effectiveness of current surgical techniques,

assisted by irradiation. A third group of patients has been delayed for even less acceptable reasons: repeti-

tive use of laser management without any clear rationale for continued use of this modality. These treat-

ments were not given for emergency relief of obstruction, but rather as continuing management. Since the

cure even of benign tracheal tumors is very rarely achieved by laser (or other endoscopic removal), such

treatment is not justified, except perhaps for palliation of acute obstruction.90 Even then, there are simpler

methods.91 Surgical resection, as early as possible, must be considered as the preferred initial treatment in

almost every case.
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C H A P T E R  E I G H T

Secondary Tracheal Neoplasms

Thyroid Carcinoma

Bronchogenic Carcinoma

Other Tumors

Hermes C. Grillo, MD

Secondary neoplastic invasion of the trachea by direct extension is most often due to carcinomas of the

esophagus, thyroid, and lung. Carcinoma of the larynx may also invade the trachea directly or it may recur

at the margin of the stoma from lymphatics after laryngectomy. Less commonly, hematogenous metastases

involve the trachea or carina. Sites of origin include the breast, melanoma, kidney, and thyroid. Carcinoma

metastatic to the mucosa of the trachea from distant primary sites is less common than metastases to the

bronchial mucosa, which is in itself an uncommon phenomenon.

The goals of major resection of the trachea or carina for secondary neoplasms should be the possi-

bility of cure, or otherwise, prolonged palliation. This excludes most hematogenous metastases. Palliation

of irresectable obstructing tumor may be achieved by endobronchial curettage, laser therapy, external beam

irradiation, brachytherapy, or sometimes by stenting. The limited place for tracheal resection and recon-

struction, when the airway is invaded by adjacent neoplasm, is considered below. The two most appropri-

ate categories for surgical treatment are thyroid and bronchogenic carcinomas. Invasion by esophageal car-

cinoma is almost never an indication for tracheal resection.

Thyroid Carcinoma

Intraluminal airway invasion by differentiated thyroid carcinoma is rare, especially as a primary presenta-

tion, with estimates ranging from 0.5 to 7% or higher.1,2 Invasive well-differentiated thyroid carcinoma may

present initially with hoarseness, hemoptysis, or dyspnea. Frequently, however, the invasive carcinoma is

identified by a surgeon at thyroidectomy. The thyroid surgeon who finds the trachea invaded at the time of

thyroidectomy commonly “shaves off” the tumor from the tracheal wall. Treatment with 131I or external

irradiation may follow. Unfortunately, such treatment may not be successful in preventing later airway

obstruction. It has been calculated that 82% of deaths from thyroid carcinomas may be due to asphyxia or

pneumonia from local recurrence.3–5 Invasion of the airway by differentiated thyroid carcinoma, either pap-

illary or mixed follicular and papillary (which generally behaves like papillary carcinoma), is more common

in older patients, but it is by no means restricted to this age group.
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Anaplastic or very poorly differentiated tumors frequently involve the trachea and larynx, to such degree

at initial presentation that laryngeal salvage is not possible. The pharynx and esophagus may also be invaded

in such advanced cases. Late, massive recurrence of differentiated carcinoma can produce a similar picture.

Tumor Behavior

A well-differentiated thyroid carcinoma usually runs an indolent course, frequently with long-term survival.6,7

Airway invasion, however, is directly responsible for many late deaths due to thyroid cancer and is a source of

profound morbidity from hemorrhage and suffocation.3 The cancer directly invades the closest portion of the

airway. Tsumori and colleagues reported that 50% of papillary and follicular carcinomas which invaded the air-

way showed poor differentiation, whereas only 11.4% of noninvasive thyroid cancers of similar histology were

poorly differentiated.8 Invasion also occurs most often in older patients, where papillary and follicular thyroid

cancers may be more aggressive, although the spectrum is broad. Nomori and colleagues found that the nuclear

area of tumor cells was significantly increased in cases with tracheal invasion compared to those without.9 Both

groups noted that the tumors had sometimes become less well differentiated than at initial presentation.8,9

The prognosis of thyroid cancers invading the airway appears to correlate with the site and depth of

invasion. Shin and colleagues classified papillary thyroid cancer invading the trachea as follows10 (Figure 8-1):

Stage 0: tumor confined to the thyroid gland;

Stage I: extension through the capsule to abut the perichondrium but without 

cartilaginous erosion or intercartilaginous invasion;

Stage II: destruction of cartilage or intercartilaginous invasion;

Stage III: extension into the lamina propria of the tracheal mucosa;

Stage IV: extension through the tracheal mucosa.

Clinical results correlated well with these stages, and in general confirmed the 1987 observations of

Tsumori and colleagues.11

The manner in which papillary carcinoma invades the thyroid is by dissection along blood vessels

and collagen fibers, oriented perpendicularly to the tracheal lumen between the cartilaginous rings.10 The

perpendicular fibers course from the collagen fibers of the peritracheal fascia, which are parallel to the tra-

cheal wall and are contiguous with those of the isthmus of the thyroid gland. Beneath the tracheal mucosa,

these intercartilaginous fibers spread into a network of reticulum. Nerve fibers and lymphatics run paral-

lel to the perpendicular collagenous fibers between cartilages. In a series of 22 patients with papillary can-

cer invading the trachea, these lymphatics rarely contained tumor. In the region of the isthmus, arteries

emanate from the thyroid gland. The source of tracheal invasion is most often directly from the thyroid

gland, along the anatomic pathways noted, and not primarily by lymphatic metastasis. Only en bloc exci-

sion will remove such invasion. Submucosal penetration indicates a poor prognosis.

Because of the location of the thyroid gland, the subglottic larynx may also be invaded, most often in

the cricoid cartilage (Figure 8-2). The corresponding recurrent laryngeal nerve is often paralyzed, paretic,

or encircled by tumor. The adjacent esophagus and cricopharyngeus may be involved. The tumor may pen-

etrate to any depth of the airway (Figure 8-3). Recurrent tumors are too often permitted to grow to large

sizes before further surgery is contemplated, even though they may respond little to radioactive iodine

uptake or to external radiotherapy. The added negative point of giving therapeutic radiotherapy where sur-

gical reconstruction may later be necessary is obvious.

Diagnosis

The patient with differentiated thyroid cancer involving the airway may present with classical symptoms and

signs of airway neoplasm, namely, hemoptysis, wheezing, dyspnea on exertion, and, additionally, hoarseness.



More often, airway involvement produces no symptoms, since the tumor has not yet penetrated the mucous

membrane or projected any distance into the lumen. A firm mass may be palpated, which is not freely mov-

able over the trachea. Often, tracheal and laryngeal involvement are discovered at thyroidectomy.

In my opinion, in addition to the usual diagnostic approach to thyroid cancer (thyroid function stud-

ies, thyroid scan, and needle biopsy), flexible bronchoscopy is advisable for every such patient, despite the rar-

ity of visible airway invasion. However, there is not yet a completely accurate method to distinguish close abut-

ment of the tumor to the tracheal wall from actual early invasion. Linear x-ray studies of the trachea include

filtered views and crisp tomography, which are of great use in determining the extent of gross involvement of

the larynx and trachea, and also the relative portion of the airway that is not involved (Figure 8-4). Fluo-

roscopy of the larynx adds information about the function of the vocal cords to that obtained by direct laryn-

goscopy (Figure 8-5). The neck should be imaged using thin section computed tomography (CT) scans, which

are most likely to identify involvement of the tracheal wall or intrusion into the lumen (Figure 8-6). CT scan-

ning should include the chest, to search for pulmonary metastases. Magnetic resonance imaging (MRI) is also

useful in defining these lesions. Barium swallow may define the bulk of tumor and suggest esophageal involve-

ment. Preoperative studies that are appropriate for exenteration, which may be considered for massive inva-

sive tumors, are described in Chapter 34, “Cervicomediastinal Exenteration and Mediastinal Tracheostomy.”
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FIGURE 8-1 Stages of papillary carcinoma of thyroid invading the trachea, based on the histopathologic extent of invasion.
Adapted from Shin DH et al.10
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Principles of Surgical Treatment

The currently accepted principles of surgery for differentiated thyroid cancer call for complete removal of

the local lesion and extensions in the neck. Longer survival and better control of symptoms are obtained if

gross tumor is fully removed. This is usually interpreted to mean thyroidectomy and excision of involved

regional lymph nodes, with persisting differences of opinion about the need for total thyroidectomy.

Because of the pathological behavior of these tumors, nodal metastases are excised by limited regional dis-

section rather than by standard radical neck dissection. Even in extended node dissection, adjacent struc-

tures, such as the sternocleidomastoid muscle and internal jugular vein, are spared whenever possible. The

submandibular triangle is rarely involved, but on the other hand, positive nodes do occur pretracheally, in

the tracheoesophageal groove, along the length of the internal jugular chain, in the “V” between the innom-

inate and left carotid arteries, and in the posterior cervical triangle. The goal of surgery, in addition to cure,

is to prevent airway obstruction and death from asphyxiation.

The otherwise guiding surgical principle of complete local removal of thyroid neoplasm is all too often

broken when a tumor invades the upper trachea or the junction of the larynx and trachea. Frequently unfa-

miliar with techniques of airway surgery, the thyroid surgeon regards the addition of tracheal resection as

“radical surgery,” potentially fraught with morbid or fatal consequences. Hence, “shave” techniques have

been advocated.12–16 In experienced hands, however, airway reconstruction is not radical surgery. Addition of

FIGURE 8-2 Papillary thyroid carcinoma in a 68-year-old male invading the upper trachea and left side of the cricoid.
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FIGURE 8-3 A, Surgical specimen (mixed papillary and follicular carcinoma) of a patient, whose x-rays are shown in 
Figure 8-4, viewed from above. The broad arc of the partially resected cricoid is above in the photograph. Invading tumor is
just below. B, The tumor extends between and through the cartilages. Seven years after resection of the obstructing tumor,
the patient developed pulmonary metastases, which were treated with 131I.

A

B
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tracheal resection following dissection for thyroidectomy adds little length or complexity to the operation

and does not increase morbidity or mortality much.17,18 Voice, airway, and deglutition are all preserved.

What is lacking are firm criteria about what constitutes an adequate “shave,” histologic identification

of complete or incomplete tumor removal by shaving, the decades of follow-up necessary to validate this

unusual oncologic approach, or consideration of the potential for change in the histology and aggressive-

ness of thyroid cancer.8,9 Many of our patients had been previously subjected to shaving procedures as ini-

tial and ultimately unsuccessful treatment, years before recurrence.17 Added to these considerations is the

indication from our data that excision of airway involvement at initial thyroidectomy, or immediately

thereafter, leads to better long-term results than late removal of a recurrent invasive tumor.17 The purpos-

es of complete resection of thyroid cancer that invades the airway are, therefore, 1) to relieve or prevent air-

way obstruction in patients with slowly progressing neoplasm, 2) to prevent tortured death by asphyxiation

or hemorrhage, and 3) perhaps to achieve cure by early complete resection of the tumor (Figure 8-7).

FIGURE 8-4 Radiologic delineation of linear extent of tracheal invasion by thyroid carcinoma. A, Filtered view of tracheal 
invasion by mixed papillary and follicular carcinoma in a 59-year-old man with identified pulmonary metastases. Arrow marks the glottis.
Nonetheless, the patient enjoyed 14 years of life after tracheal resection and reconstruction, and had no further airway disease. B, Tomographic cut
showing high invasion in the subglottic larynx by papillary carcinoma in a 36-year-old man. The right vocal cord is paralyzed.

A B



Radical removal of the larynx, trachea, and other affected tissues en bloc may be justified only in rare

cases of seemingly confined undifferentiated carcinoma (Figure 8-8) and for palliation of longstanding

massively recurrent and severely symptomatic differentiated carcinoma (Figure 8-9).17
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FIGURE 8-5 Vocal cord paralysis or dysfunction due to recurrent laryngeal nerve invasion by papillary thyroid carcinoma, in a 36-year-old man,
is well demonstrated on fluoroscopy or by direct examination. On these spot films taken during fluoroscopy, A, a paralyzed right cord is evident on
attempted cord adduction. Note the asymmetry of the vocal cords. B, On inspiration, the tumor is also seen just below the glottis.

A B

FIGURE 8-6 Computed tomography scans of invasion by differentiated carcinoma. A, In a 65-year-old woman with papillary carcinoma invading the
trachea, esophagus, cricoid, and right recurrent laryngeal nerve. Treated by thyroidectomy, with tracheal resection and reconstruction. B, In a 
51-year-old man with a very large papillary lesion invading and compressing the trachea. Resection with reconstruction was nonetheless possible because
the length of trachea invaded was less than the total extent of tumor apparent on the scan. Six years later, the patient remained free of recurrence.

A B
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FIGURE 8-7 Severely obstructive papillary carcinoma in a 62-year-old man who had undergone thyroidectomy 6 years and 4 years earlier, followed
by 131I. A, Tomogram shows marked occlusion of the proximal trachea (arrow). B, Resected specimen includes a portion of the cricoid cartilage.

A

B

FIGURE 8-8 A, Computed tomography scan showing massive invasion of
larynx, trachea, and esophagus by rapidly growing thyroid carcinoma of
mixed Hürthle cells and anaplastic histopathology. This 71-year-old man
was effectively palliated by cervicomediastinal exenteration for airway
obstruction, with voice loss, total dysphagia and odynophagia, and head
and neck pain. Mediastinal tracheostomy was established. With this his-
tology, palliation was alone the goal. B, Gross surgical specimen of poorly
differentiated squamous carcinoma of the thyroid in a 69-year-old man,
similarly treated. He learned to use an electronic larynx well enough to
continue to serve as town moderator. He died 6 years later of coronary dis-
ease, without recurrence of the thyroid cancer.

A

B



Resection and reconstruction of the involved airway as part of a complete local excision of thyroid cancer,

especially as an initial procedure, accomplishes the primary goals of conventional thyroid cancer surgery. It does

not represent a radical extension of surgery attended by great hazards. Follow-up results strongly suggest

that the best long-term results are obtained either 1) in those patients in whom the involved airway is

removed at the initial resection of tumor or 2) where invaded airway is removed as soon as possible after

identification at initial thyroidectomy. Prolonged palliation has been achieved by late removal of the airway

invaded by a recurrent tumor, but it rarely provides a cure, even though patients had appeared earlier to

run an indolent course. Palliative resection of an obstructed airway seems justified, even in the face of pul-

monary metastases when the tumor is known to be slowly progressive.17 Pulmonary metastasectomy has

not been shown to be of value in thyroid cancer.19 Most often, the recurrent laryngeal nerve that has to be

sacrificed is already involved by tumor, and so no further functional loss follows.

Management

Resection of the airway may require 1) simple circumferential removal of a segment of the upper trachea,

2) bevelled resection of one side of the anterolateral cricoid if it is involved, or 3) complex resection in

which a portion of subglottic larynx on the invaded side is removed in a “bayonet” fashion and the distal

trachea is tailored to repair the defect (Figure 8-10). “Window” resections are to be avoided because of the

increased likelihood of leaving residual tumor and the less kindly healing of a trachea patched with 
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FIGURE 8-9 A 62-year-old man with massive recurrent papillary thyroid carcinoma following thyroidectomy, 4 years pre-
viously, and subsequent treatment with 131I. The disease progressed to cause pain, bleeding, airway and esophageal obstruc-
tion, and loss of voice. The operative photograph shows the mass specimen including thyroid, larynx, trachea, and esopha-
gus being removed by en bloc dissection. The neck is at the left. On the right, the upper sternum, heads of clavicles, and upper
two costal cartilages have been excised to provide access for mediastinal tracheostomy. The flexible endotracheal tube in the
right lower corner is in the proximal end of the trachea (arrow). The floor of dissection reveals carotid arteries, internal
jugular veins, and prevertebral fascia. Good palliation was attained for a number of years. Pulmonary metastases appeared.
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autologous mesenchymal tissue. The mesenchymal surface encourages granulation tissue formation and

subsequent contraction. If such a window can be managed by insertion of a tracheostomy tube alone, the

resection is usually of an inadequate extent. Surgical approach and techniques of resection and recon-

struction are described in Chapter 24, “Tracheal Reconstruction: Anterior Approach and Extended 

Resection,” and Chapter 25, “Laryngotracheal Reconstruction.” The technique of cervicomediastinal 

exenteration is described in Chapter 34, “Cervicomediastinal Exenteration and Mediastinal Tracheostomy.”

Cervicomediastinal exenteration should be applied selectively; that is, only in the rare case where an

invasive anaplastic or undifferentiated carcinoma appears to be totally resectable by such en bloc resection,

or where there is highly symptomatic massive late recurrence of differentiated carcinoma, usually after

multiple unsuccessful treatment by thyroidectomy, 131I, and sometimes external beam irradiation. Such an

effort is principally palliative, but it does indeed provide the patient with a measure of comfort, as an alter-

native to the misery caused by a progressively extensive local disease.

Results of Treatment

Total resection of the larynx and upper trachea was early performed for both well and poorly differentiat-

ed extensively invasive carcinoma of the thyroid, in some patients with surprisingly long-term palliation or

apparent cure.20,21 Patients with a well-differentiated carcinoma involving the trachea or adjacent larynx, in

limited enough fashion to be resectable along with the involved airway and yet permit primary recon-

struction, were of course not completely resected prior to development of contemporary airway surgery.

The techniques of airway reconstruction that evolved were only slowly applied in these patients. Grillo

reported a case in 1965,22 whereas Ishihara and colleagues reported 11 patients in 1982.5 In 1986, Grillo and

FIGURE 8-10 Modes of resection of thyroid cancer invading tracheae. A, Cylindrical tracheal resection. Because of the location of the thyroid gland,
invasion most frequently requires that proximal transection of the trachea be just below the cricoid cartilage. B, Varying amounts of cricoid must
often be removed on the side of the tumor, from a slightly oblique bevelled resection to a nearly complete lateral excision, as diagrammed. C,
“Bayonet” resection, where invasion of the cricoid is so extensive that the line of transection must lie somewhere beneath the vocal cord on that side.
The inferior line of tracheal transection in this case is fashioned to fit the proximal laryngeal defect.
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Zannini described 19 patients who underwent resection for papillary or mixed papillary and follicular car-

cinoma of the thyroid, and 3 patients for undifferentiated carcinoma.23 Sixteen of the patients had prim-

ary reconstruction performed and 6 were treated with en bloc cervicomediastinal resection with mediasti-

nal tracheostomy. Fifteen of the 16 patients who underwent airway reconstruction had good surgical results

and speech preservation. Eight patients were alive without disease up to 9 years later, and only 2 developed

airway recurrence. In 1989, Maeda and colleagues recorded 151 patients with tracheoplasty for thyroid car-

cinoma in Japan, which represented nearly 27% of all tracheoplasties done in Japan up to that date.24

By 1991, Ishihara and colleagues had performed 60 resections for thyroid cancer, with 41 needing

laryngotracheal anastomosis.18 Five- and 10-year survival rates were both at 78% with complete resection,

and at 44 and 24% respectively with incomplete resection. In 1992, Grillo and colleagues described 34 of 52

patients who underwent resection, 27 with airway reconstruction and 7 with cervicomediastinal exentera-

tion (Figure 8-11).17 Older patients predominated (Figure 8-12). Ten of the 27 reconstructed airways

required laryngotracheal resections. The length of airway resection averaged 3.5 cm, a length that normal-

ly permits reconstruction without difficulty (Figure 8-13). Eighteen were not resected for reason of either

distant metastases, excessive local extension, or to preserve laryngeal function where the only alternative

was laryngectomy. In 2 of these latter patients, laryngotrachiectomy was deferred for a number of years. Of

the 27 patients with reconstructed airways, it is notable that 9 had no prior treatment, 5 had been referred

immediately after a surgeon identified invasion by tumor intraoperatively, and 13 arrived following recur-

rence at 1 to 47 years after the tumor had initially been shaved off the trachea. One patient died from local

necrosis related to 4,800 cGy of irradiation, given 6 years previously, prior to the use of an omentum for

vascular augmentation in previously irradiated tracheas (see Chapter 42, “The Omentum in Airway

Surgery and Tracheal Reconstruction after Irradiation”). In a second patient, earlier postoperative tra-

cheostomy would have avoided respiratory arrest due to edematous airway obstruction.

The long natural history of differentiated thyroid carcinoma cautions on conclusions about long-

term results (Figure 8-14). In the Massachusetts General Hospital (MGH) series, 11 of 25 patients died of

cancer in 3 months to 10.25 years but only 2 had airway difficulty, indicating achievement of the principal

goals—long-term palliation and obviation of death by airway obstruction.17 Twelve patients were without

cancer for up to 14.5 years and 1 had pulmonary metastases. The average survival for 7 patients operated

upon with known pulmonary metastases was 4.2 years, with the longest surviving at 10.5 years. Nine of 13

survivors without cancer had an airway resection done either as an initial treatment or were referred imme-

diately after a surgeon discovered the invasion, which was far more promising than those treated for late

recurrence after a remote prior thyroidectomy.
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FIGURE 8-11 Treatment of patients
with thyroid carcinoma invading the air-
way. Reproduced with permission from
Grillo HC et al.17
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FIGURE 8-12 Distribution by age and gen-
der of patients undergoing resection and
reconstruction for thyroid carcinoma. Repro-
duced with permission from Grillo HC et al.17

FIGURE 8-13 Distribution of length of air-
way resected, where tracheal reconstruction
was done. Reproduced with permission from
Grillo HC et al.17



Recommendations

The illustrative examples by Grillo and Ishihara and their colleagues17,18 have been amply confirmed by oth-

ers in the last decade.17,18,25–30 Airway resection and reconstruction for differentiated thyroid cancer is safe,

has a low morbidity and mortality and provides prolonged palliation, prevents death by asphyxiation or

hemorrhage, and probably achieves cure in some patients.

At issue with recommendation of the shave technique as a procedure of choice for stage I patients, is

whether appropriate patients can be accurately selected by imprecise operative standards or by stratifica-

tion of patients with presumed low-risk tumors, and the latter with certainty that the degree of differenti-

ation will not change over the years. Also in question is the validity of surgical motivation to avoid simple

extirpative surgery on the mistaken premise of high risk, where in fact added risk has been shown to be

minimal and surgical results to be very good.12–16

Although this controversy will not be settled for some time, I support a consistent policy of complete

local resection of all known tumor at the initial operation. Preoperative study to include CT and bron-

choscopy will identify many patients who require airway resection and reconstruction. If the operator first

discovers invasion at surgery and is uncomfortable with airway surgery, early referral for reoperation has

proved to be effective.17 The larynx should be salvaged wherever possible, even if later removal might

become necessary, even accepting an unknown increase in hazard of metastasis. 131I and especially external

beam irradiation are better employed after thyroidectomy and airway reconstruction.

Airway resection and reconstruction for late recurrent tumor in the airway provides the best pallia-

tion and prevention of bleeding and obstruction. In highly selected patients, radical resection including

laryngectomy may be indicated.17,31
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FIGURE 8-14 Performance of 25 patients who survived tracheal resection and reconstruction for thyroid carcinoma. Reproduced with permission
from Grillo HC et al.17
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Bronchogenic Carcinoma

Bronchogenic carcinoma involving the proximal main bronchus (within 2 cm of the carina) is classified as

a T3 lesion and that extending to the carina as T4. As surgical experience has grown, T3N0M0 lesions

(including T3 lesions other than bronchial) have been moved to stage IIB, but T4N0M0 lesions remain in

stage IIIB. The latter was based upon lack of familiarity with techniques of carinal resection and, in partic-

ular, of carinal pneumonectomy. A T4N0M0 lesion, by virtue of the carinal location, should be stage IIIA.

T3 lesions due to main bronchial involvement, especially on the right, also usually require carinal resection

in order to obtain an acceptable surgical margin. Squamous cell lesions centered at the carina may perhaps

be considered as primary carinal neoplasms, in the way that a slightly more proximal lesion is a primary

low tracheal carcinoma. The division is arbitrary but a localized central lesion is potentially treatable with-

out loss of lung rather than by carinal pneumonectomy.

Tumors suitable for excision by carinal pneumonectomy (or tracheal sleeve pneumonectomy) are pre-

dominantly squamous in type and right sided. Mathey and Jensik and their colleagues were among the earliest

to practice sleeve pneumonectomy for bronchogenic carcinoma other than episodically.32,33 (For a fuller

account, see Introduction, “Development of Tracheal Surgery: An Historical Review.”) Over a 15-year period,

carinal resection for bronchogenic carcinoma was reported in North America by Deslauriers and colleagues,

Jensik and colleagues, and Mathisen and Grillo, in Europe by Dartevelle and colleagues, Perelman and Koroleva,

and Roviaro and colleagues, and in Japan by Isihara and colleagues and Watanabe and colleagues, among oth-

ers.34–41 Excessive mortality initially accompanied this surgery but has improved with time (Table 8-1).

Governing Principles 

When bronchogenic carcinoma of the upper lobes invades the trachea directly from parenchymal contiguity,

the disease is usually so extensive that segmental resection of the trachea is precluded. In a very rare circum-

stance, an extensive disease that invades the superior vena cava and adjacent edge of the trachea may still be

grossly completely resectable. If the linear extent of tracheal invasion obviates segmental resection, lateral

resection, despite its contraindications, may be considered. Repair may be made with a pedicled pericardium

to preserve its viability, supported by Marlex. This repair must not be circumferential. Even so, granulations

are likely to result and the hazard of mediastinal leakage is enhanced. A pedicled intercostal muscle may also

be considered. On the other hand, when bronchogenic carcinoma is centered in the main bronchus or extends

up to the carina, the patient should be considered for resection (see Chapter 29, “Carinal Reconstruction”).

Carcinoma in the right upper lobe bronchus easily extends up the short length of the right main

bronchus to the main carina. Carcinoma of the left upper lobe, with its considerably longer bronchus, is

less likely to invade the carina. The number of right carinal pneumonectomies for bronchogenic carcinoma

is therefore far greater than of the left. The disease must be localized enough so that resection of the 

Table 8-1 Representative Results of Carinal Resection for Bronchogenic Carcinoma

Operative 5-Year
Author (Year) Reference Number Mortality % Survival %

Jensik (1982) 35 34 29 15
Deslauriers (1989) 34 38 29 13
Watanabe (1990) 41 12 17
Mathisen, Grillo (1991) 36 37 19 19
Roviaro (1994) 39 28 4 20
Dartevelle (1996) 43 60 7 43
Mitchell (2001) 45 60 15 42



carina will not lead to reconstruction under tension. The usually safe limit for resection by right carinal 

pneumonectomy is approximately 4 cm in length between the points of the tracheal and left main bronchial

division. Elevation of the left main bronchus is limited by the aortic arch. Carinal resection alone, with

preservation of both lungs, can be somewhat more extensive because of the possibility for intrapericardial

mobilization of the right lung, which is unrestricted by the aortic arch. In this case, the right main bronchus

may be elevated in the thorax to reach the distal tracheal stump. The technique depends upon the length

of tracheal resection. This also applies to the rarer left carinal pneumonectomy for bronchogenic carcinoma.

In a few appropriate patients, the right lower or lower and middle lobes may be salvaged. Special precau-

tions apply, as noted in Chapter 29, “Carinal Reconstruction.”

Considerations regarding lymph node involvement are the same as for any resection of carcinoma

of the lung. N3 disease conventionally places the disease out of bounds. N2 disease should be resected

only as part of a protocol approach with neoadjuvant therapy, as in other cases of bronchogenic carci-

noma. In these patients, the outlook remains poor. Because of the extent of the operation and a higher

mortality rate, which is greater than for pneumonectomy alone, it is always important to search exhaus-

tively for possible remote metastases prior to performing the resection. N2 disease heightens the proba-

bility of distant metastases. Carinal resection because of tumor invasion from metastases in subcarinal

lymph nodes is not advised.

In our series of 58 patients, 42 had squamous carcinoma, 10 had adenocarcinoma, 4 had large cell

carcinoma, 1 had small cell carcinoma, and 1 had bronchoalveolar cell carcinoma.42 Particularly in right

carinal pneumonectomy, significant interruption of tracheobronchial lymphatics necessarily follows, even

where effort has been made to avoid a radical mediastinal lymphadenectomy.

Diagnosis and Evaluation

Involvement of the carina by bronchogenic carcinoma must be assessed with great care by conventional

imaging, which includes CT scan of the chest and upper abdomen. Crisp carinal tomograms can be useful

to demonstrate the gross extent of the lesion, both within and without the lumen of the trachea, and to

make clear the relative portion of airway that seems to be uninvolved by tumor (Figure 8-15). Final bron-

choscopic assessment is best made with the Storz Hopkins magnifying telescopes through a rigid broncho-

scope. Biopsies of tracheal mucosa proximal to the visible tumor may help to establish the feasibility of

resection. Mediastinoscopy is very important for assessment of lymph nodes beyond the information

obtained from CT scan. Mediastinoscopy is preferably performed concurrently with a planned resection so

that tissue planes and definition of the tumor will not become obscured by inflammation and scar. Should

preoperative adjunctive therapy be given following mediastinoscopy because of the finding of N2 lymph

nodes, a further en bloc resection at a later date will have to encompass all node-bearing tissue, and accept

partly obscured tissue planes. The role of positron emission tomography (PET) scanning in comparison

with mediastinoscopy has yet to be clarified, but is likely to remain less exact.

Metastases must be carefully sought by CT examination of the liver and brain and by bone scan. The

increased surgical risk of the operation makes these studies mandatory.

Patients being considered for carinal resection for bronchogenic carcinoma must be evaluated for total

pulmonary function and distribution of ventilation and perfusion and blood gases. Smoking must have

stopped. Sometimes, the involved lung contributes little to total respiratory function if the bronchus is severe-

ly obstructed. Cardiac function is also carefully assessed. In a few patients where pneumonectomy would not

be tolerated, but where tumor is sufficiently localized, it is possible to perform carinal resection and right

upper lobectomy with reimplantation of the middle and lower lobes or of the lower lobe (Figure 8-16). In

such a case, involvement of the pulmonary artery is a crucial matter, and angiography may be needed. The

final decision to proceed is made only after thorough exploration and before irrevocable surgical steps are
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taken. There are special hazards in such complex reconstruction that require precautions in order to avoid

excessive anastomotic tension.

Management 

The technique for carinal resection (tracheal sleeve pneumonectomy) for bronchogenic carcinoma is

described in Chapter 29, “Carinal Reconstruction,” and anesthesia in Chapter 18, “Anesthesia for Tracheal

Surgery.” Resection of a carina and a bronchial stump for residual tumor or for strictly localized recurrence

may be indicated, but only after rigorous preoperative and intraoperative assessment. Dartevelle and 

Macchiarini additionally recommend introducing latissimus dorsi and serratus anterior muscles to buttress

the anastomosis, and performing a tailoring thoracoplasty to obliterate the pleural space for infection 

control.43 We have not done this in a “clean” operation.

Initial experience with carinal resection for bronchogenic carcinoma was discouraging, with mortali-

ty rates of nearly 30% reported by Jensik, Deslauriers, and their teams.33,34 Our initial early postoperative

mortality rate was 8%, but delayed mortality was 11%, due principally to anastomotic complications from

tracheal reimplantation of the residual right lung, hence totalling a mortality rate of 19%.36 This contrasted

with an 8 to 12% mortality rate for carinal resections for primary tracheal tumors.44 Nonetheless, inclusive

of the unfavorable early cases noted, our total mortality rate dropped to 15.5% by 1998.42 The mortality rate

of 11% reported by Dartevelle and colleagues in 1988 is assuring.37 Our surgical mortality dropped to 10%

in the second half of our series, varying with type of resection.45 A very significant part of early postopera-

tive mortality was due to a particularly aggressive and rapidly moving adult respiratory distress syndrome

(ARDS), which has been labelled postpneumonectomy pulmonary edema or noncardiogenic pulmonary

edema. The operation may go smoothly, and the patient who was extubated early will appear to be in fine

FIGURE 8-15 A, Tomogram of large cell  carcinoma (arrows) involving the lower trachea, carina, and right main bronchus in a 66-year-old man.
B, Postoperative tomogram. The patient died 9 years later of other causes and without recurrence.
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condition for 24 hours. At 36 to 48 hours, a diffuse infiltrate appears in the remaining lung. This progresses

almost relentlessly to opacification of the residual left lung, and ultimately to death (see Figure 21-1 in Chap-

ter 21, “Complications of Tracheal Reconstruction”). At postmortem examination, the lung is wet and heavy

but only nonspecific bacteria, if any, are cultured. This does not support a postmortem diagnosis of broncho-

pneumonia. The syndrome also follows conventional right pneumonectomy less often, and left pneu-

monectomy or lobectomy even less frequently. Initially, it was attributed to perioperative intravenous fluid

overload.46 We and others have not found any correlation between the amount of perioperative fluid admin-

istered and the occurrence of this dreaded complication.47 Nonetheless, it seems prudent to manage pneu-

monectomy patients with minimum fluid administration. Interference with pulmonary lymphatics may

impair the ability of the remaining lung to clear interstitial fluid. Barotrauma is likely implicated. The low

incidence of ARDS in the series of Dartevelle and Macchiarini suggested a difference in anesthesiologic tech-

niques.43 The declining incidence of this complication is likely due to adjustment of intraoperative airway

ventilatory pressure and tidal volumes to avoid pulmonary barotrauma.

Until recently, the syndrome was nearly uniformly fatal. Addition of inhaled nitric oxide to the ther-

apeutic regimen of fluid restriction, diuresis, ventilatory support, and steroids give promise of better

results.47 Ten consecutive patients with severe ARDS (ARDS score 3.1), treated with inhaled nitric oxide at

10 to 20 ppm, showed immediate improvement in the mean ratio of partial pressure of arterial oxygen to

fraction of inspired oxygen from 95 to 128 mm Hg (32% improvement), with further improvement there-
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FIGURE 8-16 A, Adenocarcinoma (arrows) of the right upper lobe invading the carina in a 40-year-old patient with insufficient pulmonary reserve
to tolerate pneumonectomy. B, Reconstruction with end-to-side anastomosis of the bronchus intermedius to lower trachea (open arrow) just above
the end-to-end joining of distal trachea and left main bronchus (arrow). Eight years later, an adrenal metastasis appeared. More often the bronchus
intermedius is implanted into the medial side of the left main bronchus.
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after. Chest x-rays improved in 8 patients, and 7 patients survived. The 3 who died were late deaths related

to sepsis after recovery from initial ARDS.

Early in my experience, I tried to save the right lower or middle and lower lobes by bronchial implan-

tation, after intrapericardial hilar mobilization, into either the side of the trachea above the end-to-end tra-

chea to left main bronchus anastomosis, or into the medial side of the left main bronchus. Although the

right main bronchus may be quite easily anastomosed in this way, excessive tension results if the right lower

lobe bronchus or bronchus intermedius is pulled up to the trachea. Stenosis or separation resulted in a

number of instances, with some fatal anastomotic complications.42 Clearly, this should not be done. If it is

essential to save parenchyma because of borderline function, anastomosis of the bronchus intermedius or

right lower lobe bronchus should be made to the medial side of the left main bronchus. Ishihara and col-

leagues also reattached the bronchus intermedius and left main bronchus to the trachea side-by-side, in 2

patients.40 Where functional status permits, pneumonectomy is probably preferable for safety.

Unilateral node dissection does not seem to affect anastomotic healing. Excessive bronchial stripping

is best avoided. As in all airway surgery in the thorax, a second tissue layer is advised over the anastomosis.

If irradiation has been given remotely, omental coverage will help to provide healing elements to the inert

bronchial tissues (see Chapter 42, “The Omentum in Airway Surgery and Tracheal Reconstruction after

Irradiation”). Since these tumors are so central, resection will often be made intrapericardially, and por-

tions of esophageal wall or superior vena cava may also have to be excised. Extensive surgery, including our

earlier adverse techniques described, produced an operative morbidity of 47% compared with 27% for

carinal reconstruction without pneumonectomy.42

Results

At the outset, mortality rates from carinal pneumonectomy for bronchogenic carcinoma exceeded long-

term survival rates (see Table 8-1). Jensik and colleagues reported a 5-year survival rate of 15% in 1982,35

wheras that from Deslauriers and colleagues was 13% in 1989,34 that by Dartevelle and colleagues was 23%

in 1988,37 and that by Mathisen and Grillo was 19% in 1991.36 The figure of Dartevelle and Macchiarini

rose to 43% in 1996.43 The overall survival rate from these authors and others was 22±12%. Dartevelle and

Macchiarini found in 60 patients that long-term survival was significantly influenced by nodal status, with

5-year rates of 41, 54, and 0%, respectively, for N0, N1, and N2 lesions.43 Squamous cancer was more favor-

able than nonsquamous cancer. A 2001 review of the MGH series of resections of the carina by various sur-

gical modes for bronchogenic carcinoma produced an overall 5-year survival rate of 42% (including oper-

ative mortality), with 19 absolute 5-year survivors.45 Survival was highest after isolated carinal resection

(51%). Nodal involvement was a strong influence in this series as well. Five-year survival rates were 51%

for N0, 32% for N1, and 12% for N2 or N3 lesions.

Comment

With the development of carinal surgery, carinal pneumonectomy for bronchogenic carcinoma has become

feasible, with growing safety. Involvement of the carina should not, therefore, in itself exclude considera-

tion of surgery. Carinal resection is also appropriate to obtain an adequate margin for very proximal main

bronchial carcinoma. Patients must be carefully appraised for the extent of local and distant disease and for

the anatomic and functional feasibilities of safe resection. With careful attention to the selection of patients,

surgical technique, and perioperative management, complications from the surgery should continue to

decrease. Postpneumonectomy pulmonary edema or ARDS remains an ominous, if decreasing, threat. Its

cause is not yet fully understood. Five-year survival rates of 30% or greater may be anticipated, if patients

with N2 disease are excluded. Inclusion of N2 patients with neoadjuvant treatment will require careful

prospective study.



Other Tumors

Recurrence of squamous cell carcinoma of the larynx at the tracheal stoma after laryngectomy has been

approached by radical resection.48 This usually follows either postlaryngectomy irradiation, which failed to

prevent recurrence, or failed irradiation treatment of recurrence. Resection frequently requires radical en bloc

resection, which includes adjacent cervical tissues and, sometimes, the esophagus. Cervicomediastinal exen-

teration is described in Chapter 34,“Cervicomediastinal Exenteration and Mediastinal Tracheostomy.” Due to

local recurrent tumor and prior irradiation, a wide excision may be necessary, with rotation of unirradiated

myocutaneous flaps to cover the lower neck and upper mediastinum and with establishment of a low medi-

astinal tracheostomy. All too often, however, cancer recurs soon after resection. Paratracheal lymphatics are

often permeated with cancer distally. Justification for such extensive surgery may therefore be questioned. For

this reason, I have only performed a few cervical exenterations for recurrent laryngeal carcinoma.

Cervical exenteration has also been performed for postcricoid squamous cell carcinoma of the esopha-

gus, which involves the larynx and upper trachea, rendering laryngeal salvage impossible. Restoration of

esophageal continuity may be accomplished by a variety of techniques.31 This, however, is beyond the scope

of a book on airway reconstruction. Low cervical tracheostomy rather than mediastinal tracheostomy is

usually possible in these patients.

If abnormality is suggested, bronchoscopy and biopsy should be performed on all patients with

upper and midesophageal carcinoma. Generally, segmental resection of the trachea, for direct invasion by

esophageal carcinomas other than postcricoidal esophageal carcinoma, is not advised. The extent of involve-

ment is usually so great that curative resection is unlikely. Tracheoesophageal fistula due to esophageal car-

cinoma is an extreme example. However, in a rare patient, following preoperative neoadjuvant treatment,

if the only point of nonresectability is a short segment of trachea, it may be worthwhile to resect this seg-

ment and perform a direct tracheotracheal anastomosis. There is, however, a particular danger of tracheal

necrosis, since the blood supply of the trachea is markedly diminished by adjacent esophagectomy. (See

Chapter 1, “Anatomy of the Trachea,” describing tracheal blood supply.) Segmental arteries supplying ante-

rior branches to the trachea and posterior to the esophagus are removed by esophagectomy. An undivided

trachea retains viability via collateral vessels. However, when divided for anastomosis, the intramural blood

supply may be insufficient for viability, and necrosis may occur adjacent to this anastomosis. To avoid com-

plications, Matsubara and colleagues resected a limited portion of involved posterior tracheal wall and

repaired the defect with a muscle flap.49 If combined resection is performed, advancement of the omentum

is advisable. It is brought up with the stomach if this is used to reconstruct the esophagus, and separately

if colon is used. Extension of a radical esophageal resection to include a tracheal segmental resection in any

programmatic way is probably unwise. The palliation of malignant tracheoesophageal fistula, considered

in Chapter 26, “Repair of Acquired Tracheoesophageal and Bronchoesophageal Fistula,” is not accom-

plished by tracheal resection.

A unique case of esophageal leiomyomatosis involving the trachea has been recorded, necessitating

esophagectomy and tracheal resection.50

Metastases from remote sites occur to the bronchi, but rarely to the trachea. King and Castleman found

that over 185 of patients with pulmonary metastatic tumor also showed bronchial invasion by extension or

metastatic deposit.51 Baumgartner and Mark described 2 endotracheal metastases from breast cancer, and

cited 6 prior reports with primary sites in the breast, colon, kidney, and uterus.52 Heitmiller and colleagues

found 1 tracheal metastasis in 23 patients with tracheobronchial metastases.53 Primary sites, in descending

order of frequency, were the breast, kidney, and colon, with others from the bladder, thyroid, ovary, and

nasopharynx. In most patients (87%), extrabronchial disease was also present. Although tracheobronchial

metastases occurred late after primary tumor (mean 5 years), survival was short (mean 1 year).
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C H A P T E R  N I N E

Tracheal and Bronchial Trauma

Mechanical Injuries

Burns

Hermes C. Grillo, MD

Mechanical Injuries

Injuries to the trachea and bronchi, whether blunt or penetrating, are uncommon. Figures for frequency

depend upon the numerator (type and location of injury, venue) and the denominator (autopsy series, mul-

tiple trauma cases, survivors).1

Types of Injuries 

Airway trauma may be life threatening, immediately or in the hours following acute injury. Penetrating or

blunt trauma to the neck may injure the larynx or cervical trachea, whereas injuries to the thorax may dam-

age the thoracic trachea and bronchi. In civilian practice, blunt trauma to the airway from motor vehicle

accidents used to be the most common cause of such injuries. Unfortunately, penetrating wounds from

stabbing and gunshot have increased rapidly in urban areas, with firearms in the lead (Table 9-1).1 Cervical

injuries also result from striking wires or cables while driving motorcycles or snowmobiles, or from stran-

gulation by seat belt.2,3 In motor vehicle injuries, the larynx and cervical trachea are damaged by direct

impact of the steering wheel or dashboard against the cervical vertebra, often with the neck extended. Direct

blows to the neck also produce laryngotracheal injuries. Blunt trauma to the anterior thorax during motor

vehicle accidents, or less often from industrial crush injuries, produces a variety of injuries to the thoracic

trachea, carina, and main bronchi.

Penetrating injuries to the trachea are most often due to bullet or stab wounds and may be accompa-

nied by major vascular trauma. Because of the lethal nature of missile or stab wounds to the surrounding

major structures, penetrating wounds of the thoracic trachea are not often seen in the living. The esopha-

gus is at risk in all of these injuries, cervical and thoracic.

Tracheobronchial lacerations, which result from endotracheal intubation or other per oral instrumen-

tation, are included here. Postintubation injuries, which are late results of treatment of respiratory failure,

are described in Chapter 11, “Postintubation Stenosis.”
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Cervical Injury. Damage to the larynx and cervical trachea from blunt injury may include fracture with or

without displacement of the hyoid, the supraglottic larynx, the infraglottic larynx, the cricoid cartilage, and

the cervical trachea (Figure 9-1). A variable amount of trachea may be elevated into the neck by cervical

hyperextension at the time of injury, depending on the age of the patient. In the young, the larynx may be

severely contused or otherwise injured without actual fracture of the more flexible cartilages. In older patients,

stiffening and calcification render the larynx more vulnerable to fracture. Mucosal tears and avulsions are

seen. Vocal cords and arytenoids may be torn and displaced. It is important to consider the spectrum of pos-

sible injuries when examining an acutely traumatized patient.4 Separation of the airway may be partial or

complete. The points of actual rupture of the cervical airway are most commonly between the cricoid and tra-

chea and in the upper trachea. Blunt trauma rarely produces clean cuts, but rather produces complexes of

injuries, including, for example, cricotracheal separation with concurrent fracture of the cricoid cartilage, and

avulsion of mucosa from the anterior surface of the posterior cricoid plate (Figure 9-2).

In 19 patients with laryngotracheal disruption, 11 due to direct impact and 8 due to strangulation,

Couraud and colleagues identified 14 complete separations below the cricoid or first ring.3 Nine cricoid fractures

were seen. The mucosa retracted in all patients to expose cricoid cartilage. One or both recurrent laryngeal nerves

may be temporarily or permanently damaged. Fourteen of Couraud’s patients suffered bilateral recurrent nerve

damage and 4 were unilateral. Concomitant tears of the esophagus may occur. Avulsion of the trachea from the

cricoid may be accompanied by transverse laceration of the anterior esophagus from the pharynx, where it is

attached to the cricoid posteriorly, or by completely circumferential separation. Subluxation of cervical vertebrae,

with or without injury to the spinal cord, may occur concomitantly. With penetrating wounds of the neck and

thoracic inlet, and even with blunt trauma, the spectrum of potential injuries includes major vascular injuries.

Penetrating cervical wounds, chiefly due to stab or gunshot wounds, may injure the trachea as one of

several structures damaged. Bilateral recurrent laryngeal nerve division is less common than in complete

tracheal separation due to blunt injury. Although dissenting voices are raised, surgical exploration of pen-

etrating cervical wounds still seems to be the judicious course.

Thoracic Trachea and Bronchi. Fracture or laceration of the thoracic trachea, carina, or main bronchi fol-

lowing closed chest injury may be seen in children and young adults without rib or sternal fractures. The

young thorax can absorb major compressive trauma and rebound without skeletal fractures. In the older

patient, clavicular and upper rib fractures and the number of rib fractures correlate with the likelihood of

tracheobronchial injury.5 It is likely that a sudden increase of intrabronchial pressure against the closed glot-

tis, or rapid deceleration, produces some airway injuries. Blunt injuries to the thoracic trachea are most com-

mon in the lower trachea and vary widely from complete transection to a partial horizontal tear. Vertical

splitting of the trachea from the carina upward occurs, running anteriorly through cartilages and/or poste-

riorly up the membranous wall, either in its center or laterally along the junction with the cartilages. Injury

to the lower trachea may be accompanied by partial or complete shearing of one or both main bronchi.

Table 9-1 Type of Injury and Location

Blunt Penetrating Total

Cervical airway 28% 65 29% 77% 161 71% 226 (100%)

Thoracic trachea 27% 62 63% 17% 36 37% 98 (100%)

Bronchi 45% 105 90% 6% 12 10% 117 (100%)

100% 232 100% 209 441

Reproduced with permission from Bacha EA et al.1
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FIGURE 9-1 Cervical laryngotracheal blunt trauma. A, Supraglottic tears and fractures. B, Transglottic injuries. C, Cricoid
fracture. D, Avulsion of trachea from cricoid. E, Laceration or tear of trachea. Adapted from Harris HH. Management of
injuries to the larynx and trachea. Laryngoscope 1972;82:1924–9.
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Lobar or segmental bronchi may also be lacerated or separated by crush injuries, usually accompanied by

deep parenchymal laceration. From a review of 183 tracheobronchial blunt injuries reported between 1970

and 1990, Symbas and colleagues noted that 74% were transverse ruptures with 4% in cervical and 12% in

thoracic trachea, 25% in the right main bronchus, 17% in the left main bronchus, and 16% in lobar bronchi

(Figure 9-3).6 Of longitudinal tears (18%), 6.5% were in the cervical trachea, 10% in the thoracic trachea,

and 1.5% in main bronchi. The 8% remaining were complex, involving the trachea and right or both main

bronchi. Most injuries occur within 2.5 cm of the carina. Kiser and colleagues, in a review of 265 patients

who suffered blunt tracheobronchial injuries, confirmed a greater frequency of right-sided injuries, both

overall and at the time of diagnosis and treatment.7 They found that bronchial rupture occurred within 2

cm proximal to the carina in 76%, and that 43% occurred in the right main bronchus.

Recurrent laryngeal nerve injury is rare in thoracic tracheal trauma. Also rare but equally as impor-

tant is concurrent laceration of the esophagus, often longitudinally. Esophageal injury should be considered

in every posterior laceration of the trachea, since esophageal injury from blunt trauma is unlikely to occur

by itself. It probably results from sudden forceful compression of the trachea and esophagus against the ver-

tebrae, such as that from steering wheel impact. The injury occurs more often in young patients, with or

without upper rib fractures. An elastic chest wall seems to favor such injury. Injury is most common in the

lower trachea but may occur in the neck. The communication may be instantly established or occur later

as traumatized tissues necrose. Potentially lethal mediastinitis may be a consequence of an overlooked

intrathoracic esophageal laceration.

Failure to recognize acute injury to the airway because of distraction due to catastrophic associat-

ed injuries, or failure to manage acute airway injury appropriately, may lead to cicatricial obstruction

and other sequelae, days or months later. Such problems are often correctable but with greater difficulty

and complications.

Tracheobronchial Lacerations after Intubation. Lacerations of the trachea and bronchi may be produced

by single and double lumen endotracheal tubes. The injuries are in the membranous wall and are usually

FIGURE 9-2 Blunt injury to the neck in motor vehicle accident.
The distal end of the trachea is completely separated from the 
larynx. The forceps holds a posterior and lateral full thickness
mucosal flap (arrow) which was avulsed from the anterior surface
of the posterior cricoid below the arytenoids. The endotracheal
tube (ET) has been introduced through a tracheostomy below the
level of transection. Since both recurrent laryngeal nerves were
severed, it was evident that a tracheostomy would be necessary
postoperatively and hence the ET was placed through this loca-
tion. The mucosal flap was resutured into the posterolateral
laryngeal defect. A laryngeal mold was also used. The esophagus,
which had been separated from the pharynx, was reanastomosed.
Strap muscle was interposed between laryngotracheal and
pharyngoesophageal suture lines.



linear. Postoperative mediastinal or subcutaneous emphysema may indicate an unrecognized intraopera-

tive endotracheal intubation laceration. In a careful analysis of these lacerations, Massard and colleagues

found predominant injuries in the lower trachea and main bronchi, and in the case of single lumen tubes,

along the right membranous cartilaginous junction.8 Cervical laceration occurs less often. Overinflation of

cuffs rather than stylets or tube tips appears to cause the injuries. Repositioning a tube that was originally

placed in the right main bronchus without deflating the cuff may be an important factor. Short women,

with correspondingly narrower airways, appear to be more at risk. Lacerations also occur from the place-

ment of tracheostomy tubes when insertion is difficult. Mediastinal or subcutaneous emphysema and

pneumothorax are harbingers.

The modalities of surgical repair and conservative treatment are discussed in Chapter 31, “Repair of

Tracheobronchial Trauma.” In general, small lacerations may be safely managed conservatively, but larger

ones are best repaired surgically.8,9

Injury to the membranous wall of the trachea above the carina or of the left main bronchus has been

noted in about 1 to 2% of patients undergoing transhiatal esophagectomy.10 These have been treated by suture,

reinforcement with pleura or pericardium, and effective buttressing with the gastric tube neoesophagus.
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FIGURE 9-3 Blunt tracheobronchial injuries: type and location. Adapted from Symbas PN et al.6 LMB = left main bronchus; 
RMB = right main bronchus.
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Clinical Characteristics

Acute Injury. Cervical tracheal injury presents most commonly with palpable subcutaneous emphysema.

Contusion, abrasion, or laceration of skin may or may not be present. Hemoptysis is a common finding and

hoarseness, inspiratory stridor, and dysphonia or aphonia may occur. The patient may be in acute respirato-

ry distress with asphyxia or show little initial difficulty.11,12 Slight respiratory distress which is present initial-

ly may suddenly precipitate into severe obstruction. Subcutaneous emphysema may increase with coughing

or swallowing. Deep cervicomediastinal emphysema is characteristic and pneumothorax may be present.2,3

Laceration of the thoracic trachea, the main bronchi, or both may produce dyspnea, subcutaneous

emphysema, massive cervical and mediastinal emphysema, or uni- or bilateral pneumothorax. Pneumo

mediastinum or cervical emphysema is a warning of probable tracheal rupture. Bilateral pneumothorax

often indicates tracheal or carinal rupture. Unilateral or tension pneumothorax may occur, particularly with

bronchial rupture. Hemopneumothorax may be present. Mild hemoptysis occurs. A mediastinal “crunch”

may be heard, synchronous with heartbeat (Hamman’s sign). Response to chest tube suction varies. There

may be partial resolution of pneumothorax or none, continued brisk air leak, and even increased dyspnea

on suction. These responses should alert the surgeon to a probable airway rupture. On the other hand, the

main bronchus may be torn without pneumothorax, especially if there is preexisting pleural obliteration.

These tears are more often in the lower trachea or carina. If the esophagus is also torn, it may not immedi-

ately be manifest clinically.13 The earliest sign of esophageal injury may be cough on swallowing, becoming

noticeable in the days following injury, or the onset of mediastinitis. Concurrent injuries to organs in the

traumatized region must therefore be sought and treated at the outset. These may include injury to the aorta,

brachiocephalic and/or carotid arteries. Thirteen of 15 patients with early and late blunt tracheobronchial

trauma at all levels had the following associated injuries: rib fractures (10), esophageal injuries (7), pul-

monary contusion (5), vascular injury (4), head injury (4), and extremity fractures (4).14

Chronic Injury. In 3 of 17 patients, whom we saw for late management of upper tracheal trauma, diagno-

sis had not been made at the time of injury.2 In 10 of these patients, tracheostomy had been performed to

establish a secure airway but no attempt at primary repair had been made. In these patients, complete air-

way stenosis had usually evolved above the tracheostomy at the level of the injury, and in addition, vocal

cord paralysis was present. In 4 cases, primary repair had been attempted but failed, resulting in airway

stenosis. Among the 3 patients whose diagnosis was overlooked, progressive airway obstruction developed

between 1 to 4 weeks after injury. One patient also developed a tracheoesophageal fistula, with such acute

surrounding inflammation that proximal esophageal defunctioning, a procedure we rarely use, was

required before correction could be attempted.

The absence of pneumothorax following injury or its apparently successful management by

intrapleural suction may lead to failure to diagnose intrathoracic tracheal or bronchial injury. The area of

separation heals by cicatrization, causing tracheal obstruction or bronchial stenosis with atelectasis or

obstructive lung infection.

Diagnosis

In many patients with acute injury to the trachea, and to the cervical trachea in particular, clinical signs will

strongly suggest the diagnosis. However, tracheobronchial injuries should be considered in every patient

with severe trauma to the neck or chest in order to avoid overlooking any injuries. Bronchoscopy should

be performed whenever the possibility of injury is suspected. With cervical injuries, anteroposterior and lat-

eral radiographs of soft tissues of the neck as well as chest radiographs may reveal dissection of air in the

cervical tissues up to the base of the skull or into the mediastinum (Figure 9-4). Mediastinal emphysema,



with cervical dissection of air and subcutaneous emphysema, is usually present in intrathoracic tracheal

rupture. Pneumothorax, sometimes bilateral, will often be present unless there is pleural obliteration. Com-

plete bronchial rupture may reveal the lung collapsed at the bottom of the thorax, when only the pulmonary

vessels retain continuity. Partial but significant collapse, unresponsive or poorly responsive to suction, may

present when bronchial mediastinal pleural investments are partially intact. At other times, the lung will

fully expand on suction, sometimes without subsequent air leak, which may be clinically deceptive. Pleural

obliteration may limit even mediastinal emphysema (Figure 9-5).

Laryngoscopy is necessary to assess possible damage in the uppermost airway. This is facilitated by

the flexible nasopharyngoscope. In acute injury, accurate laryngeal assessment may be very difficult because

of edema, hemorrhage, and tissue trauma. If the first manifestation of the injury is airway obstruction, ini-

tial treatment also serves as a diagnostic procedure. Bronchoscopy should be done early for direct visual-
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FIGURE 9-4 Blunt tracheal fracture. The esophagus was also
avulsed from the pharynx. A, Lateral cervical roentgenogram.
Note dissection of air throughout cervical tissues to base of skull.
Oral contrast has diffused into the tissues. B, Computed tomo-
graphy (CT) scan reveals air throughout cervical tissue planes at
the level of thyroid and cricoid cartilages. C, CT section at the level
of tracheal transection shows air anteriorly, with extravasated
contrast behind.
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ization of the airway. Flexible bronchoscopy with an endotracheal tube threaded over it may be the method

of choice (see Chapter 31, “Repair of Tracheobronchial Trauma”, and Figure 10-1 in Chapter 10,

“Tracheostomy: Uses, Varieties, Complications”). Pneumothorax may be severe or accompanied by tension

and must be treated immediately.

FIGURE 9-5 Variations in radiographic picture obtained following main bronchial rupture. A, Complete right main bronchial rupture with lung collapsed at
the base of hemithorax, since it remains connected to the hilum only by pulmonary vessels. Tension is indicated by mediastinal displacement. Hemothorax is
present. B, Partial expansion of lung on pleural suction after right main bronchial fracture, because peribronchial tissues maintain a partially “intact” air chan-
nel to the lung. This presentation is most commonly seen. Note the mediastinal emphysema and air in the muscle planes. C, Chest roentgenogram of a 
69-year-old woman, run over by a truck. Multiple bilateral rib fractures and unstable chest wall. Mediastinal shift to right. Pleural obliteration prevented 
pneumothorax. D, Same patient after partial atelectatic collapse of left lung. Air delineates the transected left main bronchus.
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If there is suspicion or any possibility of cervical spine injury, urgent airway assessment and estab-

lishment must be done with this concern in mind. Adequate splinting must be provided during radio-

graphic examination. Intubation over a flexible bronchoscope avoids cervical flexion or extension. If that

fails, urgent tracheostomy becomes necessary. This is one of the few remaining indications for emergency

tracheostomy. Equipment for tracheostomy should be at hand when bronchoscopy is first attempted, in

case of loss of airway during endoscopy. In a series of acute tracheal injuries, only 4 patients needed no

intubation, whereas 11 required oral endotracheal intubation—2 with the aid of a flexible bronchoscope,

2 intubated through the open neck, and 2 with a rigid bronchoscope.14 Eight airways were controlled by

tracheostomy. Computed tomography (CT) adds detail but is usually not critical to diagnosis, and it cer-

tainly should not be routinely obtained if the patient is unstable or might lose the airway (Figure 9-6).

In an urgent situation, sufficient information is usually at hand after endoscopy and on the x-rays to

proceed to surgical treatment, unless there is strong indication for additional imaging such as angiography.

If esophageal injury is suspected, contrast esophagography is performed after the airway is secure, and

other life-threatening injuries, such as aortic rupture, have been evaluated. A small amount of barium or

Gastrografin is used. Contrast studies may fail to show esophageal injury. Therefore, rigid esophagoscopy

is performed if cervical spine injury is absent. The proximity of a penetrating injury is sufficient to raise the

question of esophageal injury.13 If the injury on the initial chest x-ray suggests the possibility of vascular

injury, then a CT scan with contrast or, more definitively, angiography is advised to delineate the lesion pre-

cisely (Figure 9-7).

In injuries where diagnosis has been delayed or only an emergency tracheostomy was established, the 

larynx is first completely and carefully assessed. This is best done by an experienced otolaryngologist on the

awake patient, so that glottic function is fully observed. Complete radiographic studies of the larynx and 

trachea are performed (see Chapter 4, “Imaging the Larynx and Trachea”). If indicated, esophagography is

included (Figure 9-8). Endoscopic examination is next, made of all portions of the airway and of the esophagus

if necessary. In many patients in whom treatment is delayed, cicatrization produces total discontinuity between

the larynx or upper trachea and the distal trachea. Access to the lower airway is via tracheostomy only 

(Figure 9-9). Frequently, there will appear to be a long gap between the two ends of the airway. Since the distal

end of a separated trachea drops into the mediastinum, whereas the upper segment remains fixed to the less
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FIGURE 9-6 Computed tomography scan
at and just below the carina showing a
separated left main bronchus following
blunt chest trauma (arrow). Massive
emphysema is seen in all layers of the
chest wall.
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mobile larynx, the apparent major airway gap is usually illusory. In 18 patients seen, late repair was occa-

sioned by failure of initial diagnosis in 9, failed repairs in 8, and due to tracheoesophageal fistula and res-

piratory failure in 1.14

The importance of correct laryngeal assessment cannot be overemphasized. It is sometimes necessary

that corrective procedures be applied to the damaged or paralyzed larynx prior to reconnection to the dis-

tal trachea (see Chapter 35, “Laryngologic Problems Related to Tracheal Surgery”). If the tracheal separa-

tion were corrected first, and only then was it discovered that the airway at laryngeal level was inadequate,

the patient would require immediate reintubation through the larynx or a tracheostomy. This could

adversely affect the integrity of the tracheal repair. The proper order of business, therefore, is restoration of

the larynx to anatomical and functional adequacy, prior to repair of the trachea or sometimes concurrent-

ly with airway restoration. Management of acute and chronic airway trauma is described in Chapter 31,

“Repair of Tracheobronchial Trauma.”

If early repair of tracheal separation is not done, it is best to wait 4 to 6 months before delayed

repair is performed so that inflammation may subside and scar may mature, providing that obstruction

is not present.

Results

Larynx and upper trachea. If principles of management are strictly observed for isolated laryngeal and

upper tracheal trauma (see Chapter 31, “Repair of Tracheobronchial Trauma”), the results of treatment of

acute injuries are generally very good (Table 9-2). Since tissues beyond the actual area of injury are essentially

FIGURE 9-7 Blunt injury to the neck caused separation of the cervical trachea with recurrent laryngeal nerve injury and
damage to the right carotid artery resulting in aneurysm, demonstrated in A, anteroposterior and B, lateral arteriograms.
The injury occurred 2 weeks earlier.
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normal, precise reconstruction with accepted techniques generally produces a permanently satisfactory air-

way. In a series of 10 patients treated promptly for acute injuries, all achieved an excellent airway, and there

were no instances of later tracheal stenosis.2 Couraud and associates treated 19 patients with laryngotracheal

disruption; 11 within 5 days of injury, 17 by similar repairs but with stenting in 13, and 2 by laser and stent-

ing.3 Excellent respiratory results were achieved in all. Phonation was good in 7 of the patients and fair in 13,

reflecting the impossibility of restoring true vocal cord normalcy. Schaeffer reported excellent results in

treatment of acute laryngeal trauma.4 Early definitive treatment was emphasized based on classification by

severity of the laryngeal injury, with observation only in the absence of mucosal laceration or cartilaginous

fracture and displacement. Functional results are generally better, following early rather than delayed repair.

Delayed management of these injuries presents a multitude of problems, depending on the individ-

ual injury and the nature of the prior treatment. Where both recurrent laryngeal nerves are permanently

damaged, a wholly adequate albeit husky voice can be obtained. A paralyzed larynx can still function

satisfactorily for speech. The glottic aperture must be fixed at approximately 4 mm (see Chapter 35,“Laryn-

gologic Problems Related to Tracheal Surgery”). This provides for clear speech, which is produced largely

by the pharyngeal musculature, with the lung bellows providing an air column in a more efficient way than

the stomach and esophagus do for so-called “esophageal speech” after laryngectomy. Modulation of voice

is lacking. A high school senior who had suffered tracheal separation with bilateral cord paralysis reported,

after repair of glottis and trachea, that he was able to return to the debating team but not to the glee club.

If the glottic aperture is made narrower, speech may be improved, but the patient will not be able to move
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FIGURE 9-8 Late findings 6 months after a motorcycle-cable injury in a 15-year-old, resulting in high tracheal separation and esophageal avul-
sion at the cricopharyngeus. The left vocal cord was paralyzed and the right functioned suboptimally. A, Anteroposterior tomographic section
showing severe stenosis of cervical trachea. The subglottic larynx lies at the top. Arrow at site of stricture. B, Lateral neck view with swallow of
barium. Arrow indicates stricture of the trachea. Severe stenosis of the esophagus is demonstrated by contrast medium. Both injuries were suc-
cessfully corrected surgically in a single procedure.
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an adequate amount of air and will be short of breath on exercise. If the aperture is much larger, the patient

will be able to exercise more intensely but will lose adequacy of speech and be more susceptible to aspira-

tion. Dysphonia is the most important late disability after laryngotracheal injury.12

FIGURE 9-9 Another 15-year-old who suffered a motorcycle-cable
injury 4 months earlier. Airway obstruction was emergently treated
with tracheostomy at an outside hospital, and subluxation of C2-C3
was managed with Crutchfield tongs and traction. After initial recov-
ery, the patient was able to swallow liquids and semisolids only.
A, Contrast outlines the subglottic larynx and a short segment of the
proximal trachea. The arrow marks the point of transection. The
channel below is the esophagus. B, Lateral view shows barium in the
larynx above (at left) passing through a narrow fistula (arrow) to the
distal esophagus. Retracted pouch of avulsed pharynx is seen behind
the larynx on the right with a blind sinus below it. Tracheostomy pro-
vided access to the distal trachea. C, Lateral view following recon-
struction of trachea and esophagus. Air column of trachea is seen (at
left) anterior to the contrast-filled upper esophagus, showing a good
lumen at the site of repair. Thyrohyoid muscle was interposed between
the suture lines. The right vocal cord had sufficient function to provide
satisfactory voice. Swallowing returned satisfactorily.
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In 17 patients on whom delayed reconstruction of the airway was done, 16 attained a good airway

without limitation of activities.2 One patient preferred to maintain a tracheal cannula so that he could open

it intermittently during strenuous exercise. Variable results were obtained with vocal function. A good voice

was attained in 10 patients, 3 of whom had unilateral and 4 of whom had bilateral vocal cord paralysis. Six

patients had a husky but functional voice. Three of these had unilateral paralyses and 3 had bilateral 

paralyses. In 1 case, adequate vocal function was not achieved. This patient had one paralyzed cord and

another with partial paresis. He was able to speak only in a whisper. No patient with tracheoesophageal 

fistula repaired by the technique described (see Chapter 26, “Repair of Acquired Tracheoesophageal and

Bronchoesophageal Fistula”) had subsequent recurrence of the fistula.

Thoracic Trachea and Bronchi. High mortality is often associated with intrathoracic tracheal and

bronchial trauma but this is due to severe associated injuries or widespread body trauma (see Table 

9-2).11 Blunt injuries of sufficient force to damage the tracheobronchial tree are likely to injure other

organs. Penetrating wounds easily injure major structures centered in the thorax. Good anatomic and

hence functional results can now be expected following tracheobronchial repair of acute injuries, whether

linear or anastomotic,6,12 if performed in accordance with current techniques. Poorly conceived or executed

reconstructions are likely to fail.

Late tracheal injuries, usually presenting as a stenosis, are successfully managed by resection and

reconstruction (Figure 9-10).2,14 Main bronchial stenosis from overlooked injuries (Figure 9-11) or failed

repair should be managed by careful dissection and reanastomosis, even if the lung has been functionless

for a long time. It appears that the proportional return of function is roughly inversely proportional to the

length of time elapsed. Deslauriers and colleagues demonstrated a quite respectable return of lung function

after reanastomosis.15 If chronic sepsis or fibrosis has supervened, pneumonectomy is indicated to remove

a septic source. Lesser treatments, including dilation, laser, and steroid injection, have no lasting benefit.

Generally, repair of fresh injuries is accomplished most often by suture repair, with minimal debride-

ment, and resection is rarely required. Late repairs most often need resection with reconstruction.14 In 28

patients with early and late repairs, at all levels, only 3 suffered airway complications; 1 early dehiscence was

promptly repaired and 2 late separations were treated with T tubes, one of which remained permanently.14

Death from liver failure occurred in 1 cirrhotic patient. Individual patients present special challenges, both with

respect to type and location of injury, concomitant trauma, and prior treatment and timing (Figure 9-12).6
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Table 9-2 Outcome of Airway Injuries

Injuries Deaths Mortality (%)

Blunt

Cervical 16 0 0

Thoracic trachea 14 2 14

Bronchial 32 8 25

Total 62 10 16

Penetrating

Cervical 151 11 7

Thoracic trachea 31 11 35

Bronchial 11 3 27

Total 193 25 13

Reproduced with permission from Bacha EA et al.1



284 Surgery of the Trachea and Bronchi

Burns

Inhalation Burns

Burns of the larynx, trachea, and bronchi may be caused by inhalation of hot gases, steam, particulate mat-

ter in smoke, or of chemical substances released in industrial explosions or combustion. We have encoun-

tered burns due to house fires, motor vehicle accidents, electrical exposure, gas explosion, airplane crash,

TV set explosion, and chemical inhalation (ammonia and hydrochloric acid), among many other origins

of burns.16 It is often difficult to know precisely what the mixture of damaging agents was. In addition to

heat, injury may be produced by irritant gases such as aldehydes, ammonia, and hydrochloric acid, and by

particulate matter. Moylan and Chan observed by bronchoscopy that one-third of burn patients had evi-

dence of inhalation injury.17 Ninety-seven percent of these had facial burns and 75% were injured in a

FIGURE 9-10 Findings in a patient who developed progressively severe
dyspnea late after anterior chest trauma. A, Bronchoscopic examination
shows tight, well-healed stenosis in midtrachea. B, Gross appearance of
the site of left-sided transverse laceration of mediastinal trachea
(arrow). The wedge defect brings to mind a woodsman’s attack on a tree
trunk. C, Resected specimen of stenosis. The stenotic airway is about
one-fourth or less of the normal tracheal cross section. Also, see Figures
21 and 22 (Color Plate 14).

A B

C



closed space. Seventy-five percent of these patients developed severe respiratory complications and one-

third of them died as a result of airway burns.

The patient often also suffers from cutaneous burns of varying extent and depth. When first exam-

ined, the patient may have significant burns of the oropharynx, largely of thermal origin. These common-

ly heal and regress so that the glottis may soon appear quite normal. Varying degrees of persisting injury

are observed in the subglottic larynx and upper trachea, the worst being just beneath the glottis with grad-

ual diminution of the effects of the burn proceeding distally.16 These burns appear to result more from

chemicals and particulates in smoke, except in the case of steam burns. An exaggerated necrotizing process
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FIGURE 9-11 A 26-year-old patient suffered multiple trauma in a
motor vehicle accident 5 months earlier, with initial bilateral pneumo-
thoraces which responded to tube drainage. With late onset of dyspnea,
a right main bronchial stenosis with nearly complete occlusion was
identified. Two attempts were made at different institutions to dilate the
stenosis. A, Inspiratory chest x-ray shows apparently good bilateral
expansion. B, Expiratory film shows continued full expansion on the
right due to air trapping. C, Bronchoscopy reveals nearly complete
occlusion of the right main bronchus at the origin. Obstruction is not
complete, however. Resection of the stenosis and reanastomosis of the
right main bronchus allowed her to return to climbing in the Grand
Tetons. Also, see Figure 23 (Color Plate 14).
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immediately below the cords was first noted in victims of The Cocoanut Grove fire and was attributed to

eddy currents. Some unfortunate patients sustain injury extending into the main bronchi and below. The

intensity of damage varies. Severe tracheobronchitis may be followed by mucosal sloughing. If the basal cell

FIGURE 9-12 Example of complex tracheobronchial injury in an 8-year-old girl, thrown from a vehicle and crushed as it rolled over. A, Initial chest
roentgenogram. Bilateral pneumothoraces (intubated) and extensive emphysematous dissection of chest wall muscles and planes. There is little evidence
of rib fractures or displacement, due to flexibility of the rib cage in childhood. At the initial hospital, laparotomy was negative. Tracheal transection was
identified and presumptive repair was done under cardiopulmonary bypass. B, Subsequent chest film shows complete opacification of the left chest. Eight
days after injury, she was urgently transferred. The initial repair was found to be inadvertent anastomosis of trachea to right main bronchus rather than
to trachea. The concurrent rupture of the left main bronchus went unrecognized. At right thoracotomy, the tracheobronchial repair and right hilum were
mobilized intrapericardially. The left bronchial stump could not be freed under the aortic arch because of inflammation and early scar formation. This
required mobilization via left thoracotomy. Left intrapericardial mobilization was also done and the aortic arch was freed. Finally, via sternotomy and
transpericardial dissection between the vena cava and aorta, and after proximal tracheal mobilization, it was possible to implant the debrided left main
bronchus in the left lateral wall of trachea above the prior anastomosis. A second anesthesia machine was used to reinflate the left lung prior to anasto-
mosis, vastly improving oxygenation. If the pathologic findings after 8 days could have been anticipated, alternative incisions might have been possible.
C, Tomogram showing final reconstruction. The upper arrow marks the glottic level. In the neocarina, the right main bronchus appears long due to devi-
ation of the distal trachea to the right, below the left bronchial anastomosis (lower arrow). The patient’s further course was excellent.
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layer remains intact, early repair is accomplished rapidly, both clinically and experimentally. If the basal

membrane is destroyed, granulations, cicatrization, and stenoses may follow.

A late complication of inhalation burn, 2 to 6 months after acute injury, is the formation of endo-

bronchial polyposis.18,19 Significant hemoptysis occurs. Polyps regressed over 6 months without treatment

in one patient and while receiving corticosteroids in another. Fatal bronchiolitis obliterans has been

described as a late complication of inhalation burn following explosion in a confined space.20

Effects of inhalation injury and the intubation injury resulting during treatment are difficult to sep-

arate, especially since intubation is often performed early in the presence of respiratory symptoms. Burn

injury may well make the trachea more susceptible to intubation injury. Stenoses are often of greater length

than those resulting from intubation injury alone. Injury may also extend beyond the level of grossly 

visible changes. Often, the cartilages of the trachea appear to be only slightly injured. Peritracheal fibrosis

is almost always found.

The incidence of stenosis due to burn injury is impossible to determine, given the variety and inten-

sity of agents and the widespread use of intubation in management. Clinical reports are largely composed

of patients who were intubated. Two of 38 survivors of burns treated with intubation developed subglottic

stenosis in one series, and in another, 6 of 25 survivors of airway complications treated with tracheostomy

developed tracheal stenosis. In a search for later sequelae of inhalation burns in 17 survivors, 4 had tracheal

stenosis and 5 had significant tracheal granulomas. Gaissert and colleagues treated 18 patients with chron-

ic airway compromise after inhalation burns; there were 18 tracheal stenoses, 14 subglottic strictures, and

2 main bronchial stenoses.16 Three patients developed laryngotracheal stenoses without intubation.

Evaluations of patients with inhalation burns include tracheal and laryngeal radiography followed by

laryngoscopy and bronchoscopy under general anesthesia. In our 18 chronic patients, 14 had subglottic as well

as tracheal stenoses, and in 4, the two areas were separated by a tracheal segment which was not stenosed.

If airway obstruction occurs, whether by laryngeal edema, inflammatory swelling, granulations, or later

stenosis of the burned subglottic larynx and trachea, an airway is best established urgently by endotracheal

intubation. Obstruction may also occur 3 weeks to 5 months after injury. If the patient has pulmonary dam-

age that requires ventilation, a cuffed tube is necessary. Otherwise, it is preferable to avoid an inflated cuff.

For long-term management, tracheostomy becomes necessary if the patient’s neck is not damaged by

the burn. The tracheostomy usually lies within the damaged area of the trachea. As inflammation subsides, a

T tube may be inserted to span the entire area of injury (see Chapter 39, “Tracheal T Tubes”). If the subglot-

tic larynx is involved, as it often is, the T tube must extend up through the glottis. This is frequently necessary

because the intensity of an inhalation burn is often greatest in the subglottic larynx. A T tube, with its upper

end between the false and true vocal cords, usually permits hoarse or whispered speech as well as swallowing

without aspiration. Training by a speech pathologist is advisable. If the proximal end of the T tube is sited in

the subglottic location where there is burn injury, it will repeatedly become obstructed by granulation tissue.

The T tube maintains airway patency, preserves understandable phonation, and permits gradual reso-

lution of burn injury to the mucosa and submucosa. Burn injury resolves only very slowly, and resulting cica-

trization matures slowly, which is entirely parallel with the evolution of cutaneous burns. Attempts to perform

surgical resection and early reconstruction of the airway are likely to fail.16 With patience and persistence by

both the patient and surgeon, conservative management is most likely to result in a satisfactory airway,

although not a normal one (Figure 9-13). Since cartilages remain basically intact, the goal is regression of

granulations and stabilization of the mucosal and submucosal process. In 5 patients treated with T tubes only,

and 4 with laryngofissure and T tube, decannulation was achieved between 4 to 61 months (mean 28 months)

after injury. Four patients required permanent tracheal tubes (2 T tubes and 2 tracheostomy tubes).

Specific criteria for discontinuance of the T tube based on bronchoscopic observation or biopsy do

not exist. Our management has been to attempt to remove the T tube when regression seemed adequate,
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leaving a cannula or “button” in place to maintain the stoma during the test period. If resection of a limit-

ed residual stenosis is necessary, it is preferably done later than earlier, although good response has been

reported to earlier repair on occasion.

Operative management is even more hazardous because so many burns involve the subglottic space,

where airway reconstruction is more difficult, whether by single-stage laryngotracheal reconstruction or by

laryngofissure with resurfacing and stenting. Four of 6 patients who ultimately underwent open repair of

a subglottic stenosis had good results. Management of stenosis extending into the carina and main bronchi,

fortunately rare, is even more difficult. We hesitate to use a T-Y tube since the bronchial ends of the tube

may stimulate more reaction if they lie in areas of burn injury. Isolated bronchial stenosis has been man-

aged by repeated dilation. An inlying stent would pose the danger of inciting granulomas.

Successful outcome of treatment does not result in a normal airway. The quality of voice is often

diminished and a degree of hoarseness is present. Mild chronic wheezing and recurrent episodes of respira-

tory tract infections occur. We have seen a case of late recurrent obstruction, but there is no large experience

with these injuries.

Ingestion Burns

Ingestion of caustic substances such as lye may produce burns of the oropharynx, larynx, and esophagus.

The epiglottis may be destroyed, and the vocal cords injured severely enough to fibrose. Tracheal ingestion

is not common, perhaps due to the protective reflexes of the glottis. Severe caustic injury to the upper

esophagus may on rare occasion penetrate by necrosis through the back wall of the trachea or left main

bronchus. Tracheal injury is usually distal.

FIGURE 9-13 Lateral cervical roentgenograms from an 18-year-old female suffering inhalation burn by toxic gases from combustion of plastic
building materials. A, Diffuse upper tracheal stenosis (arrow). Posterior laryngeal calcification is visible superiorly. B, T tube in place, extending
from the subglottic larynx into normal trachea. The sidearm of the T lies at the base of the neck. C, Result after 6 years of splinting is an appar-
ently stable although narrowed subglottic larynx and proximal trachea. Dense reactive scar tissue appeared to have resolved to a degree. However,
the patient went on slowly to laryngotracheal stenosis, which was successfully treated by laryngotracheal resection and reconstruction 13 years after
decannulation (C). She has required several procedures for posterior commissural glottic stenosis and unilateral arytenoid fixation over subsequent
years. The laryngotracheal repair has remained stable.
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Attempts at conservative management of such injuries penetrating from the esophagus have not suc-

ceeded. Appropriate treatment, although not sufficiently documented, would seem to be removal of the

destroyed esophagus, conservative debridement of the airway injury, and patching with appropriate tissue.

A carefully sutured intercostal muscle pedicle flap, using multiple fine sutures placed as if in an anastomo-

sis and not simply as “tacking” sutures, should provide protection. The omentum should also be consid-

ered for buttressing in such a catastrophic situation.

Laser Burns 

Despite warnings and precautions, occasionally, a plastic endotracheal tube has been ignited by a laser, pro-

ducing disastrous tracheal and bronchial thermal burns.21 Such a lesion is managed in the same fashion as

inhalation burns, but the extent and depth may well be fatal, especially if the injury extends into the

bronchial tree. Even Y or T-Y stents become useless. Similar burns have been produced by inept use of the

cautery during tracheostomy.

A laser burn of the left main bronchus was incurred in an ill-advised and ill-executed attempt to

destroy an area of dysplasia. The resulting complete stenosis of the bronchus was successfully treated by

bronchial resection and anastomosis (see Figure 38 [Color Plate 16]). A tracheoesophageal fistula produced

by laser treatment of cuff stenosis was managed by standard reconstructive techniques. Since the laser dam-

age was localized, reconstruction was feasible in this case.

Injuries caused by external irradiation are discussed in Chapter 41, “Radiation Therapy in the 

Management of Tracheal Cancer.” I have encountered an irremediable main bronchial stenosis due to a

misguided use of brachytherapy to irradiate peribronchial tissue rather than the intralumenal tumor. The

resulting complete stenosis was fused to the adjacent pulmonary vessels.
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C H A P T E R  T E N

Tracheostomy:
Uses, Varieties, Complications

Tracheostomy

Minitracheostomy

Tracheostomy in Children

Persistent Stoma

Hermes C. Grillo, MD

Tracheostomy

Other than being a surgical technique, tracheostomy has many aspects that merit discussion; hence, I thought it

best to consider these in a section of this book which is otherwise devoted to diseases of the trachea. Included

elsewhere are historical notes on tracheostomy, surgical technique (see Chapter 22, “Tracheostomy, Mini-

tracheostomy, and Closure of Persistent Stoma”), tracheostomy devices (see Chapter 38, “Tracheal Appliances”

and Chapter 39, “Tracheal T Tubes”), and stents (see Chapter 40, “Tracheal and Bronchial Stenting”).

Indications

For many years, tracheostomy was the primary means of providing emergency relief for upper airway

obstruction. In the period following World War II, tracheostomy was considered to have three primary pur-

poses: 1) emergency relief of airway obstruction, 2) management of secretions, especially after chest and cen-

tral nervous system injury, and 3) to decrease respiratory dead space in order to improve ventilation. During

the poliomyelitis epidemics of the early 1950s, tracheostomy was increasingly used to provide a route for

administration of positive pressure ventilation for respiratory failure or impending respiratory insufficiency.

This widespread use increased awareness of the many potential complications of tracheostomy and also

introduced a new spectrum of lesions that resulted from intubation and mechanical ventilation. The imme-

diate complications of tracheostomy, now very much reduced in incidence, are noted in this chapter, but the

later complications, largely of postintubation origin, are dealt with in Chapter 11, “Postintubation Stenosis,”

Chapter 12, “Acquired Tracheoesophageal and Bronchoesophageal Fistula,” and Chapter 13, “Tracheal Fistula

to Brachiocephalic Artery.” Also considered in this chapter is the special topic of tracheostomy in children.

Today, tracheostomy is rarely performed to provide an emergency airway. The airway is usually reestab-

lished emergently by speedy insertion of an endotracheal tube, usually orally. Benign stenosis, such as that

resulting from intubation, is best managed emergently by systematic dilation, without tracheostomy. Even in

the presence of organic upper airway obstruction by a tumor, it is usually possible to slip an endotracheal
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tube into the airway, above or past an obstruction, in order to provide emergency ventilation until the

obstruction can be dealt with bronchoscopically (see Chapter 19, “Urgent Treatment of Tracheal Obstruc-

tion”). For difficult intubations, a flexible bronchoscope is frequently of great help (Figure 10-1). The endo-

tracheal tube is passed over the bronchoscope, which has been advanced beyond the obstruction. This tech-

nique is also valuable in patients with anatomically difficult airways or in those whose access is limited by

severe cervical arthritis or temporomandibular arthritis, or by malformations. The rigid bronchoscope may

also be a last resort for airway access, and in most cases, except the last mentioned, it can be introduced per-

orally by a skilled bronchoscopist. On rare occasions, an endotracheal tube may be threaded over a rigid

pediatric bronchoscope, with a short length of proximal “pusher” tube also threaded proximal to the endo-

tracheal tube (see Figure 10-1). With the aid of a straight bladed laryngoscope (Miller blade), the assembly

is passed into the airway, the endotracheal tube pushed into the trachea, and the bronchoscope and “pusher”

tube withdrawn. The laryngeal mask airway is a useful option if all else fails (see Figure 10-1). Roberts dis-

cusses the many aspects of these problems in Clinical Management of the Airway.1 Finally, if obstruction is

high, a large bore needle or a small bore catheter may be inserted through the cricothyroid membrane to

provide emergent oxygenation while either intubation or tracheostomy is accomplished. Many previously

seen immediate complications of tracheostomy were incurred during the emergent placement of a tra-

FIGURE 10-1 Tools for the management of difficult intubations. From top to bottom. A, Endotracheal tube (ET) threaded over a flexible bron-
choscope. B, Endotracheal tube over a pediatric rigid bronchoscope. Note the short segment of plastic “pusher” tube on the bronchoscope proxi-
mal to the ET. The assembly is introduced with a straight-bladed, open laryngoscope. The ET adapter is replaced after intubation is effected.
C, Laryngeal mask airway, which is introduced to rest upon and seal over the larynx.
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cheostomy tube under poor conditions. With tracheostomy now being almost always an elective procedure,

these early complications, such as injury to carotid vessels or pneumothorax, have vanished.

The second classic indication for tracheostomy, the management of secretions, has not been entirely

replaced. However, with adequate humidification of the airway, effective employment of skilled pulmonary

physiotherapy, endotracheal catheter suctioning, and more commonly, frequent flexible bronchoscopic aspira-

tion, intubation is rarely necessary for secretions alone. Minitracheostomy, considered in detail later in this

chapter, is an effective method for the management of persistent copious secretions.

With the advent of positive pressure ventilatory support, tracheostomy is no longer used to facilitate

ventilation by reducing dead space.

A current major use of tracheostomy is as a route for mechanical ventilatory support. Endotracheal

tubes are used for prolonged periods of time for ventilatory support. Although endotracheal tubes may pro-

duce their unique spectrum of complications, tracheostomy is often deferred for some time.2 No definitive

studies are available to dictate a universally accepted management policy. If an endotracheal tube must be

left in for more than 48 hours, it is often replaced with a more comfortable nasotracheal tube. Secretions are

more easily managed by nursing staff through a tracheostomy tube than through an endotracheal tube. For

this reason, as well as for patient comfort, and, importantly, in order to avoid serious injury to the glottis and

subglottis, we usually replace an endotracheal tube with a tracheostomy tube in an adult in between 5 to 7

days, unless it appears that the patient may be weaned in a further short period of time. If it is clear that a

patient will require prolonged mechanical ventilation, as in polyneuritis, then tracheostomy is done earlier.

Tracheostomy continues to be useful to establish an airway temporarily or permanently wherever

chronic obstruction presents, and definitive correction must be postponed or is not possible. In many such

situations, a T tube will be preferable (see Chapter 39, “Tracheal T Tubes”).3 In the case of an obstructive

benign stenosis which is accessible in the neck, it is mandatory that the tracheostomy or T tube stoma be

located in the stenotic segment. In this way, further damage to the trachea is prevented, and if resection is

later possible, the stoma and stenotic lesion will be simultaneously resected. Unfortunately, surgeons con-

tinue to place tracheostomies below such lesions, thereby damaging a further centimeter or two of the tra-

chea (Figure 10-2A). Often, it becomes necessary to relocate such a misplaced stoma to the stenotic seg-

ment and allow the initial stoma to heal, in order to recapture this length of trachea and so facilitate or

make possible later reconstruction. If a stenotic lesion is very low, even retrosternal, the stoma is carefully

placed at the conventional level (second and third rings), leaving a generous segment of normal trachea

between the stoma and lesion. The tracheostomy tube must then be long enough to pass through the dilat-

ed stenosis to splint it open. If the tracheostomy tube tip lies above the stenosis, it will only create an illu-

sion of airway control (Figure10-2B).

Additional indications for tracheostomy include complementary use with laryngeal anastomoses that

may suffer transient glottic edema and for management of aspiration due to laryngeal dysfunction. Post-

operative tracheal anastomotic complications may require tracheostomy (or T tube placement), sometimes

for definitive management, but most often to permit resolution until reconstruction may again be safely

considered (see Chapter 21, “Complications of Tracheal Reconstruction”). Tracheostomy should generally

not be used for an obstructing tumor. Tumor is best managed in emergency by intubation past the tumor

and then by the coring-out of tumor bronchoscopically (see Chapter 19, “Urgent Treatment of Tracheal

Obstruction”). Definitive treatment then follows, either surgical resection or irradiation. Occasionally,

under emergency circumstances in non-hospital settings, the need arises for external opening into the airway.

Most often, the Heimlich maneuver accomplishes dislodgement of an acute supraglottic obstruction, such

as that caused by an aspirated chunk of food. If this fails, and in the absence of laryngoscopic equipment,

cricothyroidotomy should be employed. The cricothyroid membrane is the most superficial portion of the

cervical airway. Even in obese individuals, this area can usually be palpated with the neck in hyperexten-
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sion. In my opinion, cricothyroidotomy should almost never be used as an elective route of airway intuba-

tion because of the likelihood of serious and possibly irreversible laryngeal damage. Emergency cricothy-

roidotomy is preferably converted to tracheostomy if its use will be prolonged.

Jackson in 1921 cautioned against “high tracheostomy” (cricothyroidotomy) as a cause of subglottic

stenosis (Figure 10-2C–E).4 The precept was challenged by Brantigan and Grow in 1976, although they later

reported an incidence of subglottic stenosis following the elective procedure.5,6 Antecedent endotracheal

intubation for a length of time appeared to predispose to such a stenosis.7,8 An overall incidence of at least

2% stenosis and up to 32% permanent voice changes followed cricothyroidotomy.7 Since there are few real

advantages, if any, to cricothyroidotomy over tracheostomy, and since subglottic laryngeal stenosis is some-

times poorly correctable or impossible to correct, whereas nearly all postintubation tracheal stenoses are

initially correctable, there is no reason to subject a patient to the hazard of cricothyroidotomy. The concern

which led to the use of cricothyroidotomy, that is, separation of the stoma from median sternotomy for car-

diac surgery, may be addressed by a few days of endotracheal tube ventilation to allow tissue planes to seal,

thereby permitting tracheostomy to be done safely. However, the question of whether cricothyroidotomy

poses a threat to median sternotomy remains controversial.9,10

Technique

The technique of tracheostomy is described in Chapter 22, “Tracheostomy, Minitracheostomy, and Closure

of Persistent Stoma.” Elective tracheostomy is best done in the operating room with adequate instruments

and under ideal conditions. This minimizes the occurrence of both early and late complications.

Percutaneous tracheotomes of various designs have appeared repeatedly over the decades, each seem-

ing to lead eventually to a series of unnecessary and often serious complications, such as obstruction due

to hemorrhage, damage to major blood vessels in the neck, intubation into the mediastinum rather than

the airway, pneumothorax, tracheal wall laceration, and injury to recurrent laryngeal nerves. Recent tech-

niques require placement of a guide wire or catheter and endoscopic confirmation of its location before

plunging a tracheotome into the neck.11 A so-labelled “fingertip subcricoid minitracheostomy” (done at

bedside) is a combination of a very small incision for dissection to the tracheal wall with wire-guided dila-

tion and tube insertion, still generally called a percutaneous tracheostomy.12 With these precautions, it is

hoped that many of the previously seen complications will not result. The presumed advantage over fully

open procedures remains unsettled. Melloni and colleagues compared surgical versus percutaneous dila-

tional tracheostomy prospectively in a consecutive series of 50 patients.13 They concluded that the percu-

taneous method was simpler and quicker, and had many fewer early complications, but had two late com-

plications (malacia and stenosis), compared with no late complications surgically.

Complications

The majority of immediate complications of tracheostomy incurred were often due to hurried performance

of tracheostomy under inadequate emergency conditions, with poor definition of anatomic landmarks.

These complications have largely disappeared.14 Hypoxia, which occurs during an urgent performance of

tracheostomy and is sometimes accompanied by cardiac arrest, is eliminated when the procedure is done

under elective conditions after establishment of an adequate airway. Laceration of the membranous tra-

cheal wall can occur as a result of excessively forceful insertion of an inappropriate tube. The procedure of

tracheostomy itself nowadays almost always follows establishment of an airway. A rare exception may be

necessary, in separation of the cervical trachea following blunt trauma, where emergency bronchoscopy

fails to reveal a channel to the distal trachea (see Chapter 9, “Tracheal and Bronchial Trauma”). In such a

case, preparation is always made prior to endoscopy for emergent tracheostomy. Operative damage to

structures such as the recurrent laryngeal nerves, the great vessels of the neck, and the esophagus has been



largely eliminated with adequate exposure, good lighting, adequate anesthesia, and precise surgical tech-

nique. Pneumothorax during tracheostomy has become very rare. It tended to occur in small children.

Obese, short-necked, kyphotic individuals may still present technical challenges.

Longer-term complications present chiefly as sepsis, hemorrhage, and obstruction. Additional compli-

cations include acquired tracheoesophageal fistula (TEF) and persistence of tracheal stoma. Sepsis of inva-

sive or necrotizing type is surprisingly rare, even though all tracheostomies are soon contaminated, most
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FIGURE 10-2 Errors in location of the tracheostomy. A, Placement of the stoma below a cervical stenosis lengthens the
extent of damaged trachea. A needed stoma should be located in the stenosis, an already damaged segment. In some patients,
it is judicious or necessary to relocate a stoma correctly and allow the prior stoma to heal, in order to recapture usable tra-
chea for reconstruction. B, An insufficiently long tube that fails to pass through a low stenotic lesion fails in its purpose. The
solution is not to lower the stoma but to use a longer tube. In urgent cases, a modified endotracheal tube may be used.
C, D, The stoma should not be located, whether by intent or error, in the cricothyroid membrane or through the cricoid car-
tilage. E, A stoma located just below the cricoid, especially in a kyphotic patient, may erode the central cricoid cartilage and
result in a partly intralaryngeal subglottic stenosis.
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often with Staphylococcus aureus (often a resistant strain) and Pseudomonas aeruginosa. Streptococcus and

Escherichia coli are frequently present. This will occur despite sterile surgical technique and careful man-

agement of stoma, tubes, and suctioning. Antibiotics are not employed unless there is evidence of local

invasion or pulmonary infection, to minimize overgrowth of other organisms. The contamination clears

when the device is removed and the stoma is permitted to heal.

Hemorrhage, obstruction at the laryngeal and tracheal level due to granuloma, stenosis, and malacia,

TEF, and persistent stoma are detailed in subsequent chapters, and their surgical treatment described (see

Chapter 11, “Postintubation Stenosis,” Chapter 12, “Acquired Tracheoesophageal and Bronchoesophageal

Fistula,” and Chapter 13, “Tracheal Fistula to Brachiocephalic Artery”). Prevention is also stressed.

Dysphagia and a tendency to aspiration, more pronounced in the elderly, may follow tracheostomy.

Usually, this will ameliorate with time.

Minitracheostomy

Matthews and Hopkinson described minitracheostomy as a method for removal of secretions from

large airways while preserving glottic function for cough and phonation.15 A small-bore cannula (OD

5.4 mm) is placed into the trachea through the cricothyroid ligament for ease in suctioning. The tech-

nique is described in Chapter 22, “Tracheostomy, Minitracheostomy, and Closure of Persistent Stoma.”

There is no interference with glottic competence, and the cough, which is stimulated by suctioning, is

effective. The cannula may also be used for the intratracheal administration of medications and for

access for jet ventilation. It may also be used in an emergency for temporary access to the airway. Mini-

tracheostomy does not carry with it the potential complications of endotracheal intubation or of for-

mal tracheostomy, since it does not interfere with the normal physiology of glottic function and cough,

nor does it produce the same kind of potential for local tissue injury. It also seems far less likely to injure

the subglottic larynx than conventional cricothyroidotomy does with placement of a full sized cannu-

la. It is applicable to any patient who has excessive tracheobronchial secretions or ineffective cough. If

a patient does not respond to the usual postoperative techniques for clearing of secretions, namely,

chest physiotherapy, blind endotracheal suctioning, or flexible bronchoscopy after a limited number of

trials, then minitracheostomy offers an additional avenue. It is best used early in patients in whom such

difficulties may be anticipated. Minitracheostomy was effective when electively used prophylactically, to

control sputum retention after lung operation in high-risk patients.16 A no. 10 French suction catheter

is used for aspiration, and a small amount of saline (3–5 cc) is instilled prior to suctioning to stimulate

cough and to loosen secretions. The cannula is otherwise capped to maintain humidification and to

prevent drying of secretions. After initial placement, the catheter is suctioned frequently, then every 4

hours, and subsequently as needed. The cannula is well tolerated and does not limit the patient’s mobil-

ity, speaking, breathing, or swallowing. It does not stimulate aspiration, as sometimes a tracheostomy

will. Suctioning through a minitracheostomy is more comfortable than blind endotracheal suctioning

and it is certainly more comfortable than flexible bronchoscopy. Minitracheostomy has been particu-

larly useful in postoperative patients who demonstrate difficulty in clearing secretions. In our experi-

ence, over 70% of the patients who required minitracheostomy responded to this technique alone.17

The rest of the patients required endotracheal intubation or formal tracheostomy because of progres-

sive pulmonary insufficiency.

Minitracheostomy does not provide an airway of sufficient diameter for spontaneous nonassisted

ventilation with complete glottic obstruction. Although it may be used in an emergency situation for insuf-

flation of oxygen, it can only be used as an airway with jet ventilation, using ventilators to provide the prop-

er humidification, as described by Matthews and colleagues.18 Campbell and colleagues demonstrated no

permanent changes in laryngeal function or adverse effects on the larynx following minitracheostomy.19



Clinical Experience

Wain and colleagues analyzed the first 56 patients in whom minitracheostomy was used at the Massachu-

setts General Hospital.17 Twenty-four of the patients were general thoracic, 9 were cardiovascular, 18 were

general surgical, and 5 were medical. Their preceding surgical procedures and conditions included thora-

cotomy (20), esophagectomy (8), coronary artery bypass grafting (8), thoracic or abdominal aortic

aneurysm repair (7), gastrointestinal (7), and subdural hematoma (1). Sixty minitracheostomies were

placed, with repeat procedures performed at discrete intervals for different indications during complex

hospital courses rather than because of malfunction of the minitracheostomy itself. The principal indica-

tion was excessive postoperative secretions in 46 patients. Twenty-five of these patients who were extubat-

ed immediately had minitracheostomy placed at a mean of 4 days after surgery, and in 21 patients who were

ventilated postoperatively, the minitracheostomy was placed at a mean of 2 days after extubation. Addi-

tional indications were excessive postpneumonic secretions (5), preoperative secretions (4), and difficulty

with standard blind endotracheal suctioning (4). In 1 patient, a minitracheostomy was used as an emer-

gency means of establishing an airway until formal tracheostomy was done. The procedure was done at

bedside in the intensive care unit in 32 patients and in a medical or surgical unit in 28 patients.

Complications were seen in 1 in 6 patients. Intratracheal bleeding of significance occurred in 2

patients and emergency intubation was required. If intratracheal bleeding of significance occurs, an endo-

tracheal tube must be placed immediately, over a flexible bronchoscope, before withdrawing the minitra-

cheostomy catheter. Two cases of hemorrhage were probably related to injury to veins anterior to the

cricothyroid membrane, with bleeding into the trachea, following removal of the cannula. If the cannula

has been successfully placed in the trachea, it is left in place and the superficial hemorrhage is controlled by

pressure or other conservative measures. Extratracheal placement of the catheter has been described by

others, but it is our belief that careful attention to anatomic landmarks will prevent this. Serious compli-

cations may be recognized or prevented by performing flexible bronchoscopy routinely with every place-

ment of a minitracheostomy tube.

Tracheostomy in Children

The spectrum of diseases requiring intubation or tracheostomy in infants and small children differs from

that of the adult. Congenital malformations of the nasopharynx, oral cavity, neck, larynx, and trachea or

laryngeal hemangioma may be indications for urgent intubation. Acute laryngeal inflammatory processes

including acute epiglottitis and laryngotracheal bronchitis, as well as acute laryngeal edema, sometimes due

to allergic phenomena, may be emergency problems. Diphtheria is fortunately very rare and poliomyelitis

has become so as well. The tiny size of the airway in the newborn or young child requires special skill in

intubation. Nasotracheal tubes are preferred for comfort, especially if respiratory support is necessary.

Cuffed tubes are not necessary for ventilation of infants and small children. In order to avoid erosive dam-

age, the diameter of the tube is selected so that it will not impinge on the airway throughout its length.

Severe and lengthy malacia or stenosis may result if a tube of excessive diameter remains in firm contact

with the trachea for long. A tight fit at the glottic level may injure the cords and commissures, and result in

stenosis. A tight fit at the cricoid level may produce subglottic stenosis.20 Infants and small children are car-

ried for longer periods with endotracheal tubes, in order to avoid tracheostomy with its additional prob-

lems. On the other hand, the same trade-off of laryngeal injury is seen in children as in adults, although

problems at the tracheal stoma may be eliminated (see Chapter 11, “Postintubation Stenosis”).

Tracheostomy in an infant or child should be done over a previously established airway and under

general anesthesia. Hendren and Kim recommended insertion of a rigid bronchoscope, which elevates the

trachea and makes it easy to identify.21 A limited horizontal skin incision is preferred, placed below the
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cricoid. It is often necessary to divide the thyroid isthmus. The cartilaginous rings of the juvenile trachea

are so tiny and soft that it seems preferable to divide vertically the third and fourth rings rather than the

second and third as in the adult. It is important to avoid subglottic laryngeal injury. No tracheal wall is

excised. Tracheostomy tubes fashioned specifically for infants and small children, such as those introduced

by Aberdeen, are selected, avoiding tubes of too large a diameter (Figure 10-3).22 The curve of such tubes

is unlikely to produce anterior granuloma or erosion from the tube tip. A degree of flexibility allows the

tube to adapt to the curve of the airway. Modern humidification techniques permit the elimination of the

inner cannula. The tube flanges slope upward so that the tapes do not tend to pull out the tube. The tubes

are designed to accept a tracheostomy connector proximally, regardless of their basic internal diameter.

With such precautions and with use of tubes especially designed for pediatric use, decannulation

problems are reduced. The underlying lesion or a complication of the tracheostomy is probably the most

common cause for difficulty in decannulation. Gradual progression to smaller tracheostomy tubes to

smoothen the process of decannulation is sometimes advisable.

The soft, thin wall of the infant trachea is easily deformed by a tracheostomy tube. In a number of

children who have had tracheostomy tubes in place for some time, the anterior wall of the trachea just

superior to the stoma becomes depressed by tube pressure. This deformity, together with thickening of the

lower margin of the depressed flap, may cause obstruction on decannulation. Insertion of a small sized

Montgomery Silastic T tube, with or without minimal excision of the tip of thickened scar at the lower end

of the flap, restores the lumen. The tube is left in place for 3 months or more to allow the flap to become

fixed in this more normal position. The T tube is then withdrawn and the child observed carefully for air-

way obstruction. A further period of splinting may be necessary. Residual cartilaginous structure must be

FIGURE 10-3 Pediatric tracheostomy tube. Pictured is a size 4 (ID 5.5 mm, OD 8 mm, length 4.6 cm) silicone tube (Shiley,
Mallinckrodt Inc., St. Louis, MO). The curve of the tube and arrangement of the flanges are adapted for infants and small
children, following the Great Ormond St. design. Note the standard size of the proximal adaptor end.



present in the depressed flap to obtain permanent correction in this way. If the tracheal wall has been exten-

sively replaced by scar, a stenosis will follow, requiring resection. It must be cautioned that T tubes are

sometimes poorly tolerated in small children, probably because of the tiny diameters of their tracheae.3

Persistent Stoma

Most tracheostomies close promptly after extubation. Indeed, reinsertion of a tracheostomy tube may

become difficult within minutes or hours after its removal. In a few patients, the stoma persists, most often

in those who have carried a tracheostomy tube for a very long time, who are aged or debilitated, who suf-

fer from metabolic diseases, or who have received prolonged corticosteroid treatment. In most of these

patients, the cutaneous epithelium has healed to the tracheal epithelium. A stoma is considered to be per-

sistent if it remains patent 3 to 6 months after extubation. Some stomas contract after removal of the tube,

but reach an end point without complete healing. The persistent stoma varies from full size to a sinus

through which air and secretions escape. The persistent stoma may be a source of both difficulty and

annoyance to the patient. Such patient may have to occlude the stoma in order to speak properly or to

cough effectively, may be troubled by secretions, and breath with a whistling sound. I have not seen proven

instances of increased susceptibility to pulmonary infection in such patients, but this concern is frequent-

ly raised. A patient with chronic obstructive pulmonary disease, dependent on nasal oxygen, found that she

could breathe with much more comfort when the vent of the persistent stoma was closed.

In most cases, closure of a persisting stoma is a minor procedure, easily done by techniques such as

approximation of the strap muscle over the stoma. With a larger stoma, however, such a mesenchymal seal

may lead to granuloma formation on the inner surface of the closed stoma. Our technique, described in

Chapter 22, “Tracheostomy, Minitracheostomy, and Closure of Persistent Stoma,” provides immediate

epithelial closure within the lumen and also corrects the cosmetic deficit that is usually present.23 Needless

to say, closure is done only if the patient no longer requires a stoma for any purpose. If the patient still needs

a stoma for suctioning, or if there is immediate likelihood of another tracheostomy, then closure is point-

less. The single complication in over 30 patients was a subcutaneous hematoma in 1 patient with an

undrained wound.

This technique of closure has also been used in conjunction with resection of a more distal cuff

stenosis of the trachea, where healing of skin to tracheal epithelium was present at the stoma. If granula-

tion tissue rings the stoma, then this closure should not be attempted. In such patients, spontaneous clo-

sure will generally follow.
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C H A P T E R  E L E V E N

Postintubation Stenosis

Characteristics and Origin of Lesions

Prevention of Postintubation Lesions

Clinical Presentation and Diagnosis

Management and Results

Hermes C. Grillo, MD

Acute tracheal lacerations resulting from intubation with endotracheal tubes or tracheostomy tubes are

described in Chapter 9, “Tracheal and Bronchial Trauma.” Late secondary lesions, principally stenosis of the

larynx and trachea, are discussed here. Tracheoesophageal and tracheoarterial damage due to intubation are

treated in Chapter 12, “Acquired Tracheoesophageal and Bronchoesophageal Fistula,” and Chapter 13, “Tra-

cheal Fistula to Brachiocephalic Artery.”

Characteristics and Origin of Lesions

Since the 1960s, the steadily increasing use of endotracheal, tracheostomy, and cricothyroidostomy tubes for

the management of secretions, prevention of aspiration and, most importantly, delivery of mechanical ven-

tilatory support for respiratory failure have produced a spectrum of upper airway lesions that range in loca-

tion from the nostril to the lower trachea, and in severity from pharyngitis to complete obstruction of the

airway or asphyxiating hemorrhage (Figure 11-1). Immediate and early complications of tracheostomy are

described in Chapter 10, “Tracheostomy: Uses, Varieties, Complications.” The majority of these lesions may

be avoided by elective performance, use of careful technique, and proper management of tracheostomy. The

later complications detailed in this chapter at first seemed unavoidable and unpredictable; in large part, they

no longer are. Despite great strides that have been taken in their prevention, postintubation lesions contin-

ue to be the most frequently seen surgical tracheal problems. Their clinical characteristics and nature must

be made better known so that patients will not continue to suffer delay in recognition of the lesions and so

that optimal treatment is given.

The tracheal surgeon must become familiar with laryngeal lesions that result from intubation. Since

most patients are initially ventilated through an endotracheal tube, the larynx may also sustain lasting

laryngeal injury, even though the patient presents clinically with a tracheal lesion or a tracheostomy. Seri-

ous complications may result if a surgeon repairs the trachea without prior assurance of laryngeal compe-

tence. For example, an inadequate glottis that is not recognized because of the presence of a tracheostomy

preoperatively, and is diagnosed only after tracheal reconstruction, may require either endotracheal intuba-
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tion or another tracheostomy to provide a competent airway, pending glottic correction. Either mode of

intubation may compromise the healing of a freshly repaired trachea. A brief catalogue of common post-

intubation laryngeal lesions follows.

Laryngeal Problems Following Intubation

Laryngologic problems related to tracheal surgery are described in Chapter 35, “Laryngologic Problems

Related to Tracheal Surgery.” In 1950, Briggs used a plastic endotracheal tube for 42 days to administer pro-

longed respirator therapy.1 It remains common practice to replace an endotracheal tube used for ventilator

treatment in a much shorter period with a tracheostomy tube. A tracheostomy tube is more easily managed

by nursing personnel, with less danger of obstruction and more comfort for the patient than an oro- or

nasotracheal tube. Endotracheal intubation provides an airway promptly and can avoid tracheostomy when

prolonged mechanical ventilation is unnecessary. It is because of this lessened temporal exposure that fewer

cuff lesions were seen following endotracheal intubation than after tracheostomy. A cuff that exerts high

pressure on the trachea, either because of its innate characteristics or its usage, is as damaging when on an

endotracheal tube as when it is on a tracheostomy tube or a cricothyroidostomy tube. Lesions due to cuffs

on endotracheal tubes are usually located higher in the trachea because the cuff is seated higher in the tra-

chea than it is with a tracheostomy tube. Tracheal stomal lesions are obviously avoided if tracheostomy is

not done. In using prolonged endotracheal intubation, however, the physician exchanges the absence of

potential stomal complications for complications at higher levels (nostril, pharynx, and principally larynx).

Although Briggs, in his original case, found only minor ulcerations over the arytenoid and in two

small areas of the trachea at autopsy, a spectrum of more severe lesions occurs.2,3

In a series collected from the literature, Lindholm reported approximately 1 death in 120 children as

a probable complication rate of prolonged endotracheal intubation.2 Most deaths occurred during the peri-

od of intubation as a result of obstruction of the airway and this probably reflects the small caliber of tubes

FIGURE 11-1 The spectrum of postintu-
bation laryngeal and tracheal lesions. Var-
ious combinations of these lesions are seen
in a single patient. Focus on a laryngeal or
tracheal lesion should not lead to overlook-
ing a lesion elsewhere in the airway. TEF =
tracheoesophageal fistula; TIF = tracheo-
innominate artery fistula.



necessarily used in small children. Laryngeal mucosal changes were prospectively observed, without excep-

tion, after prolonged endotracheal intubation. These were located on the medial sides of the arytenoid car-

tilages in the interarytenoid region and against the posterolateral portion of the cricoid. Changes in chil-

dren were less pronounced. The lesions varied from superficial epithelial damage with only slight

inflammation to deep ulceration. Donnelly detailed the histopathology of intubation.4 Within 48 hours, the

perichondrium of the vocal processes and cricoid laminae were focally ulcerated, and the severity increased

with time. Bergström and colleagues had earlier reported similar damage.5 Injury to the mucosa was seen

by scanning electron microscopy, as early as 4 hours after endotracheal intubation.6 Lindholm found that

6 of 225 adult patients showed respiratory obstruction after extubation, and in 4 of these patients, the dif-

ficulty lay in the larynx.2 Five of 38 children had respiratory obstruction following extubation, and all

required tracheostomy. The precise incidence of postintubation lesions of the larynx or trachea has never

been satisfactorily determined, nor are such figures very meaningful, given the changing and varied stan-

dards of equipment and care both in time and place. The lesions continue to occur today.

Nearly two-thirds of adult patients with erosive lesions healed by primary epithelization within a

month. In a third of the patients, a granuloma formed during healing, located largely on the medial side of

the arytenoid cartilages. In many cases, the granuloma regressed spontaneously in 1 to 10 months, with a

median of 60 days. The symptoms of a granuloma are irritative cough, hoarseness, and transient sensations

of suffocation. Granuloma also occurs on the anterior portion of the vocal cord. In his study, Lindholm

found two children who formed fibrous scars with circumferential stenosis at the level of the cricoid and a

third with a posterior commissural scar bridging the interarytenoid space. Localization of damage is likely

related to the curve of the endotracheal tube. When a relatively straight or slightly arched endotracheal tube

is reshaped by the patient’s airway, considerable force is exerted posteriorly against the medial sides of the

arytenoid cartilages and the posterior surface of the cricoid (Figure 11-2).2,7 Another factor may be move-

ment between the larynx and endotracheal tube. More prolonged exposure to pressure by the tube seems

to lead to a greater incidence and depth of injury. Lindholm recommended a preshaped tube with a gently

curved right angle to try to avoid such pressure.

Subglottic erosions at the cricoid level appear to be caused in large part by tubes that are too large for

the particular airway. This is supported by the observation of a probably greater frequency of stenosis at

this level in women and smaller males, who tend to have smaller airways. Since the cricoid cartilage is nor-
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FIGURE 11-2 Pressure on the larynx
is exerted by an endotracheal tube,
chiefly posteriorly, against medial ary-
tenoid cartilages and posterolateral
cricoid. Adapted from Lindholm C-E.2
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mally the only complete cartilaginous ring in the upper airway, the absolute limit of the airway’s diameter

is set by that cartilage. If pressure results only in edema, the condition is reversible. If ulceration occurs fol-

lowing pressure, then a cicatricial stenosis may result during healing. Fortunately, the cricoid cartilage is a

rather rugged structure, and it is unusual for it to be eroded very deeply or through its full thickness by an

endotracheal tube. This probably accounts for the fact that prolonged stenting of cicatricial lesions in this

region may occasionally lead to success, in contrast to the usual failure of stenting for circumferential

lesions in the trachea. It may also account for the greater potential for occasional success in laser treatment

of obstructive lesions at this level, in contrast with the trachea where laser treatment often fails.

Vocal cord disturbances are common in patients who have undergone prolonged endotracheal intu-

bation. In a small percent, these disturbances may go on for over a month, but frequently regress. Perma-

nent laryngeal paresis does occur in a small number of patients, presumably due to inflammatory involve-

ment of recurrent laryngeal nerves. Such disability is likely to be unilateral.

Postmortem studies have shown the precise location of postintubation ulceration or necrosis of the

larynx in 33 patients to be as follows: 3 had ulcers in the interarytenoid area, 26 had ulceration or necrosis

on the medial side of the arytenoid cartilages, and 33 ulcerative lesions were seen on the inner postero-

lateral part of the cricoid.2,5 Eight of 26 patients also had tracheal lesions. In other reported series, the inci-

dence of subglottic stenosis of the larynx following prolonged endotracheal intubation in children has run

from 0 to 8%, with one series reporting as high as 20%.

In clinical practice, one may see the following at the glottic level: arytenoid fixation, interarytenoid

posterior commissural scar preventing separation of the cartilages, anterior commissural stenosis, and vocal

cord thickening, ulceration, or granulomas. Unilateral vocal cord paralysis that is present as a consequence

of endotracheal intubation, tracheostomy, or prior surgical procedures may affect the adequacy of the glot-

tic aperture or contribute to aspiration on deglutition. The rare presence of a bilateral cord paralysis, most

often post-traumatic or postsurgical, may cause airway inadequacy or aspiration. Subglottic intralaryngeal

narrowing due to cicatricial stenosis may begin immediately below the glottis or at any level below that. It is

often maximal at the cricoid level for the reasons explained. Often, this subglottic laryngeal stenosis is con-

fluent with a stenosis that extends into the upper trachea. In 50 patients treated surgically for postintubation

subglottic stenosis with such a major component in the larynx, 31 resulted from endotracheal intubation

alone, 16 from high or eroded tracheostomy, and 3 from cricothyroidostomy (Figure 11-3).8

The obvious statement must be made that wherever a foreign body impinges forcefully on the air-

way, whether a stoma is present or not, erosion may occur and be followed by cicatricial stenosis. Cuff

lesions are common to all types of tubes and independent of them, except with regard to the level of cuff

impingement. Stenotic injuries unique to endotracheal and cricothyroidostomy tubes are necessarily with-

in the larynx. The stomal lesion from a tracheostomy lies within the trachea, except when a stoma is placed

too high or, more often, in an older kyphotic patient, where erosion of the anterior cricoid occurs.

“Subglottic stenosis,” that is, laryngotracheal stenosis beginning below the cords and usually extending into

the upper trachea, is circumferential following injury from endotracheal tubes (see Figure 11-3A and 

Figure 28 [Color Plate 15]). Those stenoses that are caused by cricothyroidostomy tubes or eroding tra-

cheostomy tubes may be largely anterior or also circumferential (see Figures 11-3B,C). In all cases, we are deal-

ing with laryngotracheal “bed sores,” since pressure necrosis is the primary damaging factor (Figures 11-4A–E).

Brantigan and Grow proposed eliminating tracheal stomal stenosis by transferring the stoma to the

cricothyroid membrane.9 Although they were fortunate that their series had no stomal complications (or

cuff stenosis), clearly, this approach merely transfers the location from the trachea to the larynx (Figures

11-5A,B).3,8 Subsequent studies by these and other authors showed that cricothyroidostomy contributes to a

significant and often irreversible subglottic stenosis, with an overall airway coimplication incidence of up to

52%.10 Kuriloff and colleagues pointed out that the short length of the cricothyroid membrane (5 to 12 mm)
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FIGURE 11-3 Origin of a subglottic postintu-
bation laryngotracheal stenosis. A, Circumfer-
ential cricoid erosion by the endotracheal
tube. B, Proximal erosion of cricoid by a high
tracheostomy in a kyphotic individual.
Anterolateral stenosis results. C, Subglottic
stenosis secondary to anterior cricoid erosion
by the cricothyroidostomy tube residing in the
cricothyroid membrane.A

B

C



306 Surgery of the Trachea and Bronchi

FIGURE 11-4 Subglottic postintubation stenoses. A, Roentgenogram of the larynx and upper trachea. A slight 25-year-old
man was ventilated with an endotracheal tube for head injury. Upper arrow indicates the vocal cord level. Lower arrow is
at the cricoid level, also the point of maximum stenosis. The entire subglottic space is markedly narrowed. B, Laryngoscopic
view just below the glottis in the same patient. The stenosis is severe, irregular, but circumferential. The glint of a tra-
cheostomy tube is seen distally. Tracheostomy was necessary prior to laryngotracheal resection and reconstruction. C, Laryngo-
tracheal stenosis following ventilation via “high tracheostomy,” probably cricothyroidostomy, after repair of ruptured chor-
dae tendineae in a 71-year-old man. Lateral cervical roentgenogram. Arrows indicate severe constriction of the lower larynx
and trachea. D, Airway restoration following laryngotracheal reconstruction. Normal lumen is restored (arrow). See also 
Figure 28 (Color Plate 15).
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is less than the outer diameter of most commonly used tracheostomy tubes (10 to 12 mm).10 Although

most purely tracheal stomal stenoses can be corrected surgically on a first attempt with almost certain suc-

cess, many laryngeal lesions are not correctable or only partially correctable from the outset. I, therefore,

deplore use of elective cricothyroidostomy for ventilation. It should also be noted that concern about con-

taminating sternotomy incisions after cardiac surgery, by an immediately adjacent tracheostomy tube, may

be obviated by using an endotracheal tube for ventilation for a few days. If tracheostomy is needed subse-

quently, tissue planes will have already sealed.

Preexisting neurologic deficits unrelated to the postintubation injury, particularly in patients who

have suffered central nervous system trauma, may affect protective laryngeal reflexes and result in aspira-

tion on deglutition. Such a deficit may preclude airway repair since tracheostomy may then be necessary to

protect the airway and to clear secretions. Such functional deficits must be identified prior to a 

tracheal reconstruction.

Obstructive Lesions of the Trachea

Obstructive lesions of the trachea following intubation occur at four levels, depending on the source of

injury. At each level, one or more distinct lesions may produce obstruction. The levels are 1) stomal, 2) the

site where the inflatable cuff rested, 3) the segment between the stoma and the level of the cuff, and 4) the

locus where a tip of the tube may impinge on the tracheal wall (see Figure 11-1).

Lesions at Stomal Level. Since tracheostomy creates a defect in the wall of the trachea, whether the open-

ing is made by a vertical, horizontal, cruciate, or T incision, by excision of a segment or segments of carti-
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FIGURE 11-4 (CONTINUED) E, Surgical specimens from a young woman who was ventilated after multiple injuries for a long
period via an endotracheal (ET) tube, continued via a tracheostomy tube. Subglottic stenosis from ET tube injury is shown
at left and result of the combined ET cuff and tracheal stomal injury is on the right.
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lage, or by turning a flap, some scarring is inevitable during healing. Long after healing is complete, inspec-

tion, both bronchoscopically and radiologically, will demonstrate dimpling or deformity, an anterior shelf-

like projection, or softness of the anterior wall at the site of prior tracheostomy. A surprising degree of

asymptomatic narrowing may occur. Nearly 50% narrowing of the cross-sectional area of the trachea, or

even more, is necessary before a sedentary person experiences dyspnea. Three stomal lesions, seen alone or

in combination, may cause obstruction. These are 1) granuloma, 2) a posteriorly depressed flap of tracheal

wall above the stoma, and 3) anterolateral stenosis.

Granulation tissue forms at the stoma before and during healing. Granulomas may be noted weeks or

months after extubation. As healing progresses, ebullient granulation tissue may form on the inner surface

of the trachea at the site of the stoma and become sufficiently bulky to obstruct the airway. Accumulation

of this type of papillomatous granulation tissue often occurs in conjunction with deformity at the healing

stomal site (see Figure 11-5). If a large granuloma is already present, immediate airway obstruction may

follow removal of the tracheostomy tube.

The curve of the tracheostomy tube may produce a depressed tracheal wall flap just above the stoma.

The tip of the flap may be thickened or granulomatous, but in most cases, this alone is insufficient to cause

serious obstruction when the tube is withdrawn. When the tracheostomy tube has been in place for a long

time, the upper flap may remain positioned posteriorly and produce partial or even subtotal obstruction

(see Figure 11-1). This tissue may even become calcified prior to removal of a long-standing tracheostomy

tube. We do not know whether this flap effect can be avoided by choice of incision for tracheostomy. It

seems to occur most commonly in children who have had prolonged tracheostomy, perhaps because of the

thinness and pliability of the juvenile trachea.

FIGURE 11-5 A, Anteroposterior tomogram of the larynx showing stenosis and granuloma (large arrow) at the site of cricothyroidostomy. Note the
proximity of the vocal cords just above the lesion. B, Lateral view showing narrowing of the airway, deformity, and large granuloma. The “O” marks
the stomal site on the skin. Laryngotracheal resection and reconstruction was necessary.
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The most common lesion of significance at the stomal level is anterolateral stenosis. Following

removal of the tracheostomy tube, the patient gradually develops obstructive symptoms. The patient is

found bronchoscopically to have an A-shaped stricture with an apex anteriorly, which involves the antero-

lateral walls of the trachea (Figures 11-6A,B and Figures 24 and 25 [Color Plate 14]). The membranous wall

is usually spared but irritative granulation tissue may be present posteriorly in some cases (Figure 11-6C).

The membranous wall may be shortened by deformity of the lateral walls, which are pulled together by the

anterior scar. Stomal stenosis results from cicatricial healing of what was or has become a large stomal

defect (Figure 11-7). A number of factors appear to play an etiologic role. Occasionally, a surgeon makes a

much too generous opening in the tracheal wall, failing to realize that loss of tracheal substance will ulti-

mately be healed by the natural process of contraction of the scar. Tracheostomies probably erode toward

the size of their inlying tracheostomy tube due to local pressure necrosis, no matter how the stoma is made.

Any opening which is larger than this may only add to the destructive process. All tracheal stomas are

inevitably contaminated bacterially. Although invasive sepsis is not frequent, bacterial activity may lead to

further local tissue destruction. The most important factor is the weight of unsupported tubing which

levers the tracheostomy tube against the margins of the stoma, producing pressure necrosis. Evidence to

support this was the decrease in incidence of stomal stenosis in a single respiratory care unit, before and

after the introduction of lightweight swivel connectors to tracheostomy tubes.11 Careful suspension of

tubes and connectors has essentially eliminated such lesions at Massachusetts General Hospital (MGH).

As noted earlier, an especially complex stomal lesion results if the cricoid cartilage is eroded by

upward pressure of the tracheostomy tube. If the anterior cricoid cartilage loses its integrity, anterior sub-

glottic laryngeal stenosis occurs in conjunction with upper tracheal stenosis. Even if the first tracheal ring

has not been mistakenly divided during tracheostomy, a tube that impinges against it may erode through

it and into the cricoid cartilage. This is most likely to occur in older patients with a degree of kyphosis,

where hyperextension of the cervical spine fails to draw the larynx far above the sternal notch. Although

the tracheostomy tube may be correctly placed at the level of the second tracheal ring, it may have to arch

across the cervical tissues to reach the skin surface, exerting pressure against the cricoid (see Figure 11-3B).

It is important to recognize the extent of such lesions prior to surgery, since the technique of repair of a

purely tracheal stenosis is very different from that for subglottic laryngotracheal stenosis (see Chapter 24,

“Tracheal Reconstruction: Anterior Approach and Extended Resection,” and Chapter 25, “Larygotracheal

Reconstruction”). A comment on terminology is in order. “Subglottic” is often used to describe lesions any-

where from just below the vocal cords to the upper or even midtrachea. Surgical problems and prognosis

are quite different at different levels. I prefer to describe a lesion that lies in the larynx between the vocal

cords and the lower border of the cricoid cartilage as a subglottic lesion (intralaryngeal). If the upper bor-

der of the lesion lies just below the lower border of the cricoid cartilage, it is clearly an upper tracheal lesion,

and laryngotracheal spans the subglottic level and upper trachea.

Infrastomal Obstructive Lesions. The principal infrastomal lesion that results from intubation for respi-

ratory support is tracheal stenosis at cuff level or cuff stenosis. It is the most common lesion complicating

modern respiratory care and it is clearest in the minds of most physicians (Figure 11-8 and Figures 26 and

27 [Color Plates 14 and 15]). The origin of stenosis at cuff level was obscure when the lesion was first rec-

ognized. It originates from circumferential erosion of the tracheal wall due to the pressure of the cuff and

is common to all forms of access to the trachea; endotracheal tubes, tracheostomy tubes, or cricothyroid-

ostomy tubes (Figure 11-9). In the extreme, a tracheo-innominate artery fistula can result if erosive pres-

sure is maximum anteriorly, or a tracheoesophageal fistula if the erosion penetrates posteriorly. Conven-

tional high-pressure cuffs formerly in use, whether on endotracheal tubes or tracheostomy tubes, exerted

enormous pressures on the tracheal wall. They almost uniformly produced some degree of tracheal injury
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within 48 hours of placement. The depth and severity of damage is roughly, but not uniformly, related to

the duration of exposure to pressure injury. The key etiological factor in the production of stenosis is pres-

sure necrosis caused by the cuff, compressing the tracheal mucosa and, later, the deeper structures of the

tracheal wall. The principal evidence supporting these conclusions has been derived from autopsy study of

patients who received ventilatory support,12,13 from prospective studies by direct visualization of the tra-

cheae of patients receiving ventilatory assistance,11,14 and from experimental production of identical

FIGURE 11-6 A, Surgical specimen of stomal stenosis
showing the typical triangular lumen with apex ante-
rior. A granuloma is also present where the stoma lay.
The membranous wall is smooth. B, Longitudinal
view of the same specimen demonstrating that the
tracheal walls are pulled together by the cicatricial
closure of the stomal defect. C, Another specimen
showing stomal stenosis with active inflammatory
granulation tissue everywhere, including the mem-
branous wall of the trachea. An endotracheal tube had
been wedged into the stenosis on several occasions.
Also, see Figures 24 and 25 (Color Plate 14).
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lesions.15 Correlation of these observations with surgically removed specimens further supports this the-

sis.16 Final confirmation is that removal of excessive cuff pressure has eliminated the lesions in a very large

number of patients at risk over a long period of time, at MGH.

Cooper and Grillo examined the tracheae of 30 patients who died while receiving ventilatory assis-

tance through cuffed tracheostomy tubes as well as 4 additional patients who had received such assistance

through cuffed endotracheal tubes only for short periods of time.12 Both metal and plastic tracheostomy

tubes and plastic and rubber cuffs had been used. At that time, all cuffs were of designs that produced high

intracuff pressures. A consistent pattern of tracheal damage was observed, with the major damage located

at the site of the cuff. The period of mechanical ventilation and the degrees of damage generally correlat-

ed. Superficial tracheitis and fibrin deposits appeared within 48 hours of placement of the tube. Small, shal-

low ulcerations were then seen, overlying the cartilaginous rings. With time, the size of the ulcers increased

and cartilages were exposed. The inflammatory process spread laterally and deeply, followed by fragmenta-

tion of cartilage (Figure 11-10). The tracheal wall in many cases bulged where the balloon was located.

These lesions usually began approximately 1.5 cm below the inferior margin of the tracheostomy stoma

and extended downward for a length of about 2.5 cm, that is, the location of the cuff. Usually, between two

to four cartilages were completely bared in time. Eventually, segments of cartilage sloughed and, in

advanced cases, the balloon site was completely devoid of cartilages. Severe damage was observed between

10 days to 2 weeks after placement of the cuff. Additional ulcerations were occasionally seen, correspond-

ing to the tip of a tracheostomy tube below the cuff injury. Changes that occurred at cuff sites from endo-

tracheal tubes compared closely to those seen from cuffs on tracheostomy tubes with similar duration of

intubation. These lesions were located more proximally in the trachea, since the cuff of an endotracheal

tube is sited more proximally than that from a tracheostomy tube (see Figure 11-9).

Microscopic examination elaborated the progressive changes that were found grossly (Figure 11-11).

Acute inflammation and fibrin appeared early. Microscopic ulceration followed, overlying the cartilaginous

rings where the mucosa had been compressed between the balloon and the underlying cartilage (see Fig-

ure 11-11A). As the ulcers deepened, the surfaces of the cartilages were bared, and inflammatory degener-

ation ensued. Inflammatory cells infiltrated beneath the cartilages (see Figure 11-11B). Fragmentation of
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FIGURE 11-7 Evolution of stomal stenosis. Cross-sectional diagrams of the trachea at the stomal site. A, The tracheostomy tube may be leveraged
against the stomal margins, causing their erosion. B, The resulting large stoma exhibits granulations and inflammation at its margins. C, Con-
traction of scar tissue forming across the defect pulls the tracheal stomal margins to the midline. D, The result is an A-shaped lumen. The posterior
wall is also often shortened. Scar tissue is present, in most anteriorly only.
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cartilage occurred next (see Figure 11-11C) and, finally, only an ulcerated bed remained where the cartilage

had sloughed (see Figure 11-11D). In some cases, the tracheal wall was totally replaced with granulation

tissue as repair competed with erosion (see Figure 11-11E). At the margins where the epithelium remained,

squamous metaplasia was evident. Although the membranous wall sometimes escaped changes as severe as

those in the noncompliant cartilaginous portion of the tracheal wall, severe erosive inflammatory changes

were produced nonetheless. The circumferential lesion reflected circumferential pressure injury. In several

cases, the membranous wall was reduced to paper thinness, and there were inflammatory changes in the

adjacent esophageal wall. Complete fistulization occurred in other specimens. Florange and colleagues

reported similar pathologic findings.13

FIGURE 11-8 A, Cuff level stenosis. The lesion is circum-
ferential. The lumen is less than 5 mm in diameter, the
level at which the patient became dyspneic on bed rest
while recovering from multiple orthopedic injuries and
after a remote period of ventilation. B, The same lesion
just prior to resection (arrows). A Penrose drain lies
beneath the stenotic segment. C, Photomicrograph of the
lesion. Dense fibrosis and partial cartilaginous destruc-
tion are evident (hematoxylin and eosin; ×25 original
magnification).
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These changes were compared with a group of surgically resected specimens of cuff stenosis, where a

circumferential ring of dense fibrous tissue resulted at 1 to 3.5 cm below the tracheostomy site. In these

resected specimens, the residual effective airway often measured 2 to 5 mm in diameter. Externally, the area

of stenosis was usually demonstrable, frequently hourglass in shape, but without external indication of the

extreme narrowness of the minimal internal airway (see Figures 11-8A,B). In longstanding cases, metaplas-

tic squamous epithelium was present. In most, the scar tissue of the stenotic ring remained unepithelialized.

In some, residual pieces of tracheal cartilage were present in a greater or lesser degree (Figure 11-12). In fully

advanced cases, not even vestigial remnants of tracheal architecture were identifiable. Patients with cuff

stenoses following endotracheal intubation often had marked cicatricial stenosis, but relatively intact outer

cartilages, presumably because the length of exposure to pressure had been too brief to necrose the cartilages

completely. A striking finding was that all patients with the then-conventional cuffs in place had notable

changes. These findings were confirmed in a prospective study by Andrews and Pearson, who examined the

tracheal wall endoscopically through the stoma at the time of removal of the tracheostomy tube.11 We made

similar endoscopic observations in a study of the comparative effects of standard cuffs and an experimental

low-pressure cuff.14

Many etiologic possibilities for these lesions had earlier been suggested, including the influence of

sepsis, the fact that many patients had periods of hypotension during their illness which could impair cir-

culation in the compressed mucosa, damage by toxic materials in the tubes, and cuffs and from gas steril-

ization.17 Shelly and colleagues questioned the effect of systemic hypotension, on the basis of animal exper-

iments.18 Experimental reproduction of the lesions helped to clarify these questions.15 Murphy and

colleagues attempted to reproduce the lesions in dogs, but were able to do so only with the combination of

cuff and tracheostomy.19 We placed short segments of Portex endotracheal tubes with cuffs perorally into

the tracheae of dogs, and fixed them with percutaneous wires.15 Tracheostomy was avoided to minimize

infection. The tubes were clean but not gas sterilized. The cuff was inflated just sufficiently to provide a seal

at 25 cm of water ventilatory pressure, and this pressure was then maintained throughout the experiment.

Destructive lesions were uniformly produced within 1 week (Figures 11-13A,B). Removal of the tube was
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FIGURE 11-9 Evolution of a cuff stenosis. Excessively high pressure exerted on the trachea produces circumferential erosion, which heals by cica-
trization of granulation tissue. The resulting scar is circumferential. A, Cuff lesion from an endotracheal tube. B, Cuff lesion from tracheostomy
tubes. The lesion is usually lower than that from an endotracheal tube.
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FIGURE 11-10 Postmortem tracheal specimens of patients ventilated with high-pressure cuffs then in use. A, Trachea
opened posteriorly. Portex tube and cuff are evident. Ventilation was for 19 days. The patient was age 55 years. B, Ulcer-
ation and loss of cartilage at the cuff site. C, Trachea of a 69-year-old woman, ventilated for 16 days. Metal tracheosto-
my tube with latex cuff are evident. D, Mucosa is destroyed at the cuff site and cartilages are bared and fragmented.
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FIGURE 11-11 Photomicrographs from postmortem specimens of tracheae injured by ventilation using high-pressure cuffs. Tracheal lumen is
above in A, B, and C. The lumen is at the right in D and E. A, Erosion of mucosa over cartilages due to cuff compression. Submucosal inflam-
mation. B, Cartilages now bared by progress of mucosal and submucosal necrosis. Lamina propria has been thickened by inflammation. C, Necro-
sis of cartilage follows with increased inflammatory intensity in surrounding tissues. D, Total destruction of cartilages occurs. Inflammation
extends deeply into tracheal wall. E, The tracheal wall is now essentially replaced with inflammatory tissue and beginning reparative response of
granulation tissue (hematoxylin and eosin; ×25 original magnification).
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followed by cicatricial stenosis and airway obstruction (Figure 11-13C). Although the experimental and

clinical evidence do not rule out possible additive contributions by other factors mentioned as well as oth-

ers unknown, the principal common denominator appears to be necrosing pressure on tissue. We saw no

cuff stenoses in over 5 years and in many hundreds of patients, following the design and introduction of a

latex low-pressure cuff, although no other factors changed during this period. Since then, despite the nec-

essary but careful use of plastic low-pressure cuffs, since latex cuffs are not available, no cuff stenoses have

been produced at MGH in thousands of ventilated patients.

Varying degrees of tracheitis occur in the segment between the level of the stoma and the level of the

cuff. The segment is usually short, but it lies in close proximity to two areas of damaging influences. In

many cases, secretions puddle above the cuff, despite intermittent deflation. Heavy bacterial colonization is

routine around tracheostomies. Varying degrees of gross and microscopic inflammation are seen in this

segment of trachea. The cartilages may be thinned and inflamed while the mucosa, although inflamed, is

intact. At operation, the tracheal wall at this point may be markedly inflamed and its architecture partly

destroyed. This becomes evident once part of the trachea is detached from surrounding supporting tissues.

Tracheal malacia occurs in this segment and is demonstrable fluoroscopically or bronchoscopically. Such

changes can be of great importance in planning surgical excision of cuff stenoses, since the segment of trachea

requiring removal may be almost double the length apparent in preoperative static images of a cuff stenosis. In

a few patients, the area of cuff damage itself may be primarily malacic rather than firmly stenotic, producing

valve-like obstruction on deep breathing or coughing (Figures 11-14A,B). Routine tracheal x-rays may show

only slight or no deformity at cuff level. Functional obstruction becomes evident only when deliberately sought

for fluoroscopically or during an awake flexible bronchoscopy. In these patients, cartilaginous rings are absent,

and the fibrous wall is covered with squamous metaplastic epithelium (Figure 11-14C). The evolution of mala-

cia rather than fibrous stenosis at cuff level has not been explained.

FIGURE 11-12 Photomicrograph of transverse section of a fully developed cuff stenosis. A fragment of degenerated cartilage
is essentially the only immediately recognizable remnant of the tracheal architecture. Otherwise, a ring of scar tissue has
replaced the trachea, and its contraction leaves only a very reduced lumen. Mucosa is lacking (hematoxylin and eosin; ×11
original magnification).



Lesions may overlap and it may be difficult to ascertain the precise etiology, especially if a stenosis

appears late. In obese or aged individuals, for example, the cuff may reside immediately within the stoma,

with confluence of stomal and cuff injuries. Multiple tracheostomies also serve to confuse the issue, since

records of prior treatment are often imprecise. Stenosis resulting from prior endotracheal intubation may

be lost sight of after a series of therapeutic tracheostomies and laser treatments.

Occasionally, trachiectasis occurs. In a few patients with persistent respiratory failure from chronic

lung disease, who are managed for lengthy periods of time with conventional equipment, the requirement

for volume of air to seal the cuff gradually increases. Generally, high ventilatory pressures are needed. The

trachea in one  patient required a balloon volume of approximately 200 cc for a seal.

Granuloma formation at a site of ulceration by the tip of a tracheostomy tube can also cause obstruc-

tion, although rarely. With the older type of high-pressure cuffs that expanded eccentrically, the tip of the

tracheostomy tube could easily be angulated against the tracheal wall. A tracheostomy tube with a 90˚ angle

accentuates this possibility. This also happened in children where no cuff was used at all, where slight angu-

lation of a tracheostomy tube levered the tip against the tracheal wall (Figure 11-15). After the tube is

removed, an ulcer may heal, with profuse connective tissue formation, producing an inflammatory granu-

loma. The incidence of such lesions in children has diminished remarkably with the development and use

of improved pediatric tracheostomy tubes (see Chapter 10,“Tracheostomy: Uses, Varieties, Complications”).

Granulation tissue may form around the lower end of a tracheostomy tube while a patient is still on

a ventilator. This occurs most often in patients who have long been on mechanical assistance, who have 
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FIGURE 11-13 Experimental production of cuff stenosis in dogs. A, Segment of the endotracheal tube with high-pressure (standard) cuff after 
7 days of exposure to the seal at standard ventilatory pressure. B, Mucosal destruction has occurred, cartilages are bare, and the trachea is distend-
ed. C, In another specimen, 13 days of exposure has produced copious granulation tissue, replacing the normal tracheal structure.
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FIGURE 11-14 Diagnostic images from a 38-year-old woman with attacks of dyspnea and changes of voice worsening over
a year, following emergency tracheostomy and ventilation for obstructive laryngitis. A, “Spot film” from fluoroscopy demon-
strating an apparently normal upper tracheal diameter (arrows). The adducted vocal cords and subglottic larynx are clear-
ly defined above. Symptoms were thought to be of psychiatric origin because of similar static x-rays of the trachea elsewhere.
B, Fluoroscopic picture of the segmental malacic tracheal collapse (arrows) on cough. Resection of the damaged trachea fully
relieved her complaints. C, Surgical specimen from a 70-year-old woman who was twice ventilated for long periods for res-
piratory failure. Circumferential cuff lesion was principally malacic, with some fibrosis.
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diffuse tracheitis, and who may have significant injury at cuff level. Bronchoscopic removal of granulations

provides only transient relief. A longer tube or one with a different angle may be inserted, but the danger

remains that the process will extend distally, ultimately to the carina, unless the patient can be weaned.

Granulations in a supracarinal location present a special hazard, since a tube may slip back only a few mil-

limeters and obstruction from the granulations may slowly form below the tip of the tube while the physi-

cian has an illusion of safety.

Incidence

It has been difficult at any time to establish the incidence of lesions that follow tracheal intubation. In 1967,

17% of a vulnerable population from a respiratory care unit at the Massachusetts General Hospital devel-

oped clinical evidence of upper airway obstruction. This selected population consisted of survivors of rel-

atively prolonged treatments of the most severe respiratory failures and the study occurred in the era pre-

ceding the development of low-pressure cuffs. Large numbers of patients who had received respiratory

support for lesser problems, often through an endotracheal tube, were not included. The figure compared

quite closely with the range then described from other institutions: 20% from the Toronto General Hospi-

tal with a similar population, 12% of a group of cardiac surgical patients from Mount Sinai Hospital in New

York, and 16% of a group of 50 patients from Australia. Harley attempted to establish the incidence of

laryngotracheal stenosis following tracheostomy and assisted ventilation, by analyzing reported series.20

The range was from 0 to 22%, with an average of 3.27% for 3,793 tracheostomies.

Introduction of low-pressure cuffs of varying efficacy and closer attention to avoidance of stomal

erosion greatly diminished the occurrence of injury in succeeding years. Following introduction of our 

prototype of the low-pressure latex cuff, cuff stenosis vanished at Massachusetts General Hospital. Careful

attention to the use of currently available plastic large-volume, low-pressure cuffs has continued this

record. Stomal strictures were reduced to well under 1% (see “Prevention of Postintubation Lesions”

below). In recent years, further attention to tube support has eliminated these lesions as well. Unfortu-
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FIGURE 11-15 Obstructing granuloma in a
child, caused by erosion by the tip of a tra-
cheostomy tube. The angle of many adult tubes
is inappropriate for pediatric use. Broncho-
scopic removal of the granuloma sufficed.
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nately, this is not universally true, for reasons described later. Postintubation lesions of all types continue

to be produced worldwide, and they continue to be the leading indication for tracheal surgery.

Tracheoesophageal fistula (TEF) and tracheo-innominate arterial fistula resulting from intubation and

ventilation are described in Chapter 12, “Acquired Tracheoesophageal and Bronchoesophageal Fistula,” and

Chapter 13, “Tracheal Fistula to Brachiocephalic Artery.”

Prevention of Postintubation Lesions

Prevention of all postintubation lesions of the trachea is unlikely until totally new methods of respira-

tory support are developed that do not require a foreign body in the trachea as part of the support sys-

tem. Noninvasive techniques remain in the future.21 Enough has been learned about the origin of

postintubation lesions so that their frequency has been markedly reduced and further improvement is

to be expected.

Stenosis at Stomal Site

Stomal stenosis may be minimized or avoided altogether by attention to details, performance, and manage-

ment. First, the surgeon should make no larger an opening for the tracheostomy tube than is necessary. The

tube should not be too large for the particular patient. Its curve should be appropriate. In order to mini-

mize the size of the stoma and destruction of tracheal tissue, I prefer a simple linear vertical incision in the

trachea (see Chapter 22, “Tracheostomy, Minitracheostomy, and Closure of Persistent Stoma”). The proce-

dure is done in an operating room with aseptic technique. Bacteria are always present in the tracheal lumen

and further colonization will occur after tube placement, despite exquisite postoperative care. Staphylococcus

aureus and Pseudomonas aeruginosa are the most common. However, invasive sepsis may be limited by

scrupulous postoperative care. The tracheostomy tube should be well seated and fastened securely to the

patient’s neck. Avoidance of leverage on the tracheostomy tube is most important. The weight of connecting

tubing and adapters, transmitted through the tracheostomy tube against the tracheal wall, causes erosion

of the stomal margin. Long-term exposure to ventilation and other factors such as diabetes and cortico-

steroids are additional likely agents. Lightweight swivel adapters attached to the tracheostomy tube move

in multiple planes and are connected by light, flexible corrugated tubing to the ventilator. It has been

hypothesized that accordion tubing helps to avoid transmission of the respirator’s thrust to the stomal

edges, and to the cuff itself, but conclusive experimental data is required. The ventilating connecting tubes

are in turn suspended from supports. Clinical results support this protocol overall. Progressive careful

attention to the points noted has eliminated stomal lesions at Massachusetts General Hospital.

Stenosis at Cuff Level

Evidence pointing to pressure necrosis as the most important etiologic agent has been presented. Adriani

and Phillips noted that variables such as cuff site, materials, and tracheal shape affected intracuff pressure.22

They found that intracuff pressure was not a direct index of pressure exerted on the tracheal wall. Knowlson

and Bassett found that small increments over the minimal occlusive volume required to effect a seal in

patients with a conventional endotracheal cuff, with 20 cm of water inspiratory pressure, caused a rapid rise

in the pressure exerted on the tracheal mucosa.23 This exceeded arterial capillary pressure, especially against

the anterior tracheal wall. Carroll and colleagues correlated intracuff pressures with pressures exerted on

the tracheal wall by a variety of cuffs and found the relationship to be generally proportional.24 They set

forth as criteria for ideal cuffs that these should have “large sealing areas, inflate evenly, and center the tube

within the tracheal lumen;. . . . have large residual volumes requiring small additional volumes for ‘seal,’ low

tracheal wall sealing pressure with overinflation.” Lomholt described a large-volume Teflon cuff with an

attached trap, intended to maintain a constant cuff inflation pressure.25



Cooper and Grillo proposed the use of a large-volume, low-pressure cuff which would conform to

the irregular shape of the trachea when inflated, rather than establish a seal by expanding circumferential-

ly and deforming an elliptical trachea to the shape of the cuff (Figure 11-16).15 The prototype of such a cuff

was tested in experimental canine preparations. Conventional cuffs produced erosive and stenotic lesions

(see Figure 11-13), whereas in equivalent time periods, the prototype large-volume, low-pressure cuffs

resulted in no injuries other than slight submucosal inflammation (Figure 11-17). A latex cuff suitable for

clinical use was designed, and when tested in humans for its sealing characteristics, it was found to require

a tenth of the pressure required by a conventional high-pressure Rusch cuff.14 The cuff, roughly cylindrical

in shape, measured approximately 2.4 cm in length and 3.0 cm in diameter when inflated to a pressure of

1 cm of water. At this point, the latex wall was unstretched, and the total volume of air that the cuff accept-

ed prior to stretching was 12 cc (Figures 11-18A,B). The cross-sectional area of the filled but undistended

cuff was greater than that of most adult tracheas, and could therefore fill out the configuration of the nor-

mal ovoid tracheal shape without applying stretch to the wall of the cuff itself. Initially, these cuffs were

placed on conventional metal Jackson tracheostomy tubes, with care taken to prevent slippage.

Randomized clinical trials following tests for safety compared the cuff ’s performance in 25 patients,

with 20 having standard cuffs.14 “Blind” endoscopic evaluation of damage to the tracheal wall on a scale of 0
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FIGURE 11-16 Diagram of a tracheal seal, attained by a high-pressure cuff versus a large-volume, low-pressure cuff. A, Cross section of the trachea
and esophagus. B, The low-volume cuff is necessarily inflated to a high pressure to occlude the irregularly shaped tracheal lumen. C, The large-
volume cuff expands to occlude the lumen, conforming to the shape of the lumen at low inflation pressure.
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A B

FIGURE 11-17 Experimental use of large-volume,
low-pressure cuff in dogs. A, After 2 weeks of seal at
the same ventilatory pressure used with high-pres-
sure cuffs, only minimal mucosal inflammation
results. Compare with Figures 11-13B,C. B, Exper-
imental cuff, deflated.

FIGURE 11-18 A, Rusch standard cuff (1971) at the left and experimental latex cuff on the right, mounted on Jackson metal tracheostomy tubes, both
in a “resting” state at resting volume. The experimental cuff is deflated for insertion. B, Standard cuff (left) is inflated with 8 cc of air and has high
intracuff pressure, and is asymmetric and quite rigid. The large-volume, low-pressure cuff is undistended with a similar volume of air, has no intracuff
pressure, and is soft and symmetrical.

A B



to 4 was made immediately after deflation of the cuff as weaning began. Patients with the new cuffs had an

average rating of 1.3 (median 1.0) in comparison with an average rating of 2.6 (median 2.5) for those with

the standard cuffs. All patients in the minimum injury group had the new cuff in place. Few with the new cuff

were in a category showing more serious damage. In contrast, the bulk of patients with the standard cuff fell

into groups with progressively more severe damage, many lying in the ranges which were predictably likely to

go on to clinical stenosis (Figure 11-19). The average intracuff pressure developed in the experimental cuff

was 33 mm Hg compared to an average intracuff pressure of 270 mm Hg in the standard cuff. During the

period of development of the cuff, following initial indicative experiments, Geffin and Pontoppidan proposed

the interim use of prestretched Portex cuffs to approximate these conditions.26 Despite the limitations of this

method, the incidence of cuff strictures in our respiratory care unit dropped noticeably with the prestretched

cuffs, and totally disappeared following routine use of large-volume latex cuffs.

Despite this clear enunciation of desirable standards for sealing cuffs for ventilation, followed by years of

favorable experience, clinically available equipment still varies in characteristics. Latex is almost indefinitely

extensible so that damaging pressures are not developed. However, the short shelf life of latex and the cost of

attaching it to plastic tubes led to its abandonment. Large-volume cuffs are now generally available, but are

made of relatively inextensible plastic materials. When the resting volume of the fully inflated, but unstretched,

cuff is exceeded by only a few cc of overinflation, the lack of extensibility of the material leads to a rapid climb

in intracuff pressure. The margin of safety is thus reduced with the relatively nonextensible material now used

to fabricate cuffs. Ching and Nealon, and Ching and colleagues analyzed comparative characteristics of cuffs in

several studies, confirming these findings (Figure 11-20).27,28 More extensible plastic would further improve

safety. Large-volume cuffs should not be inflated beyond the minimum pressure that is adequate to provide

ventilation without leakage. Personnel must also understand that cuffs have to be reinflated with care after rou-

tine deflation. Otherwise, the inflation volume, and consequently the pressure, creeps upward. It is principally

the failure of proper management of cuff volume that continues to produce cuff stenoses today.

Postintubation Stenosis 323

FIGURE 11-19 Damage to trachea from standard low-volume, high-pressure cuffs versus large-volume, low-pressure 
tracheostomy tube cuffs. Sixty-eight percent of patients with the experimental cuff showed no exposed cartilage (rating less
than 2.0). No patient with standard cuff was in this category. Reproduced with permission from Grillo HC et al.14
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Seals other than air-filled balloons have been proposed, including flexible discs and a compress-

ible synthetic sponge in an outer bag, which fills by expansion of the sponge matrix.29 A low-pressure

pilot balloon was designed to relieve pressure in excess of a sealing level of 25 cm of water.30 It was also

proposed to reduce the time of exposure of an area of trachea to pressure, by alternate inflation of

double cuffs in series. This proved to be unsatisfactory and, if anything, produced longer stenoses.

Intermittent cuff inflation cycled to inspiration was also tried, with no instances of damage seen.31

None of these methods gained currency perhaps because of their relative complexity. Furthermore,

they provide less protection against aspiration than sealing cuffs. Substitution of high-volume flow

respirators has been suggested. Although it is possible to maintain children without sealing cuffs,

adults with poor compliance and severe degrees of respiratory failure cannot currently be managed

without a tracheal seal.

Thus, we see that stomal strictures may be reduced to a minimum and perhaps eliminated. Infor-

mation is available to eliminate cuff strictures. No cuff strictures have been produced at MGH since the

initial introduction of a large-volume cuff. The problems that remain are the dissemination of informa-

tion on management, coordination of manufactured equipment, and evolution of better materials. Prop-

FIGURE 11-20 Comparison of intracuff and lateral tracheal wall pressures engendered by a then-standard Portex plastic cuff on the left and the
newly developed latex large-volume cuff on the right. The occlusion volume for the trachea is indicated by an arrow in each case. If volume is
exceeded, high intracuff and lateral tracheal wall pressures do not result in the large-volume cuff. (Illustration courtesy of Dr. NPH Ching and
Dr. TF Nealon Jr.) 



er use of large-volume, low-pressure cuffs and cessation of prolonged use of stiff nasogastric tubes should

prevent tracheoesophageal fistulae (see Chapter 12, “Acquired Tracheoesophageal and Bronchoesophageal

Fistula). Tracheo-innominate artery fistulae from cuff injury would also disappear. Those at the stomal

level can be avoided by choosing the proper level for tracheostomy (see Chapter 13, “Tracheal Fistula to

Brachiocephalic Artery”).

Clinical Presentation and Diagnosis

Clinical Characteristics

The majority of patients with postintubation tracheal lesions present clinically with obstruction. Principal

manifestations are 1) progressive dyspnea, 2) wheezing and stridor, and 3) intermittent obstruction with

retention of secretions. Pneumonitis or frank pneumonia may occur unilaterally or bilaterally.

As the airway narrows, dyspnea on effort is noted first. This appears initially with marked effort,

depending on the respiratory reserve of the patient. In time, dyspnea appears with less exertion. Many

patients with benign tracheal stenosis remain sedentary or bedridden for a long time due to their original

illnesses. Severe degrees of obstruction may therefore occur before clinical symptoms become obvious. In

a patient on bed rest, the airway may contract to a diameter of 5 or 6 mm before symptoms are recognized.

Other patients with a severe but fixed stenosis that is no longer progressing are dyspneic, only as they

become more active during recovery from illnesses such as polyneuritis. Slow progression of stenosis may

lessen a patient’s awareness that a change in airway function is occurring. In most cases, however, the rate

of closure is relatively swift. Sometimes, symptoms follow immediately or within days after removal of a

tracheostomy tube. Obstruction may also occur from granulation tissue while the patient is still tra-

cheostomized. With the most severe degrees of airway obstruction, the patient may be unable to lie down

or complete a sentence without gasping for breath.

As the airway narrows, wheezing occurs, followed by frank stridor. Classically, an upper tracheal

obstruction outside of the thorax will present with severe inspiratory stridor, and a low intrathoracic steno-

sis with expiratory wheezing. Usually, stridor may be produced in either phase on deep breathing with

effort. Later, the wheeze is present at rest. A marked inspiratory high-pitched sound may be heard across

the room even when the patient is quietly seated. When stridor becomes audible at rest, a high degree of

obstruction is usually present, with the airway measuring less than 6 or 7 mm in diameter. At this point,

action is urgently demanded. The stridor is elicited by having the patient breathe in slowly and deeply

through an open mouth, and then forcing the breath out rapidly, with mouth still open. An attempt to

inspire deeply and suddenly will often lead to severe coughing. Auscultation over the trachea and upper

chest will further identify stridor. It may be heightened by the forced expiratory maneuver described.

Although some of these sounds are transmitted peripherally, they are more remote on auscultation over the

peripheral lung fields. In contrast, wheezing due to asthma and bronchitis is peripheral and is not heard

maximally over the trachea itself.

As the airway narrows it becomes increasingly difficult to clear secretions. Plugs of mucous accumu-

late, occasioning transient episodes of worsened obstruction. The patient may cough violently in an effort

to clear the airway, becoming plethoric and then cyanotic. Episodes of transient obstruction usually signal

a marked degree of airway obstruction with an aperture that may measure less than 5 mm in diameter. The

fact that such an episode may be cleared with chest physiotherapy or suctioning does not lessen the gravi-

ty of the warning. A subsequent obstructive episode may well be fatal.

Pneumonitis and pneumonia occur in the presence of tracheal obstruction. Most commonly, how-

ever, the lung fields remain clear on the x-ray. This is the reason why so many patients with severe obstruc-

tive tracheal lesions fail to be diagnosed promptly. Assumption is made that the disease must be bronchi-
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tis or asthma, and too many patients have been treated over long periods for “adult onset asthma,” with

an illusion of response. Some have been placed on high doses of prednisone prior to referral. The basic

diagnostic rule to be remembered is that any patient who presents with dyspnea on effort, wheezing, or

episodes of airway obstruction, and who has been intubated and ventilated at any time in the recent past, must

be considered to have organic upper airway obstruction until proved otherwise. The corollary should be

added that if a history of intubation is lacking, tumor or other obstructing disease of the upper airway

should be excluded. With this rule in mind, diagnosis is not difficult, especially with the ready availabili-

ty of the flexible bronchoscope.

Analysis of a group of our early patients with stenosis following tracheostomy for respiratory care

showed an equal gender distribution and a mean age of 47 years (range 16 to 79 years). The causes of the

original respiratory failure were diverse, including chest trauma, drug ingestion, myasthenia gravis,

polyneuritis, head injury, pickwickian syndrome, pneumonia, and following cardiac surgery. Tracheostomy

had been required in these patients for periods ranging from 2 to 119 days, with a mean duration of 42

days. Several different types of tracheostomy tubes had been used in this group of patients, but metal tubes

(silver or stainless steel) with rubber cuffs, or plastic tubes with plastic cuffs, predominated in this era prior

to the development of low-pressure cuffs. In many cases, at least two kinds of tube and cuff had been used.

In most, an endotracheal tube had been employed for a period up to 4 or 5 days prior to tracheostomy. In

3 patients, the inflatable cuffs had been used without ventilator assistance to prevent aspiration of foreign

material into the lungs. In the remaining patients, the cuffs were used in association with artificial ventila-

tion. Ventilation was administered for 3 to 112 days with a mean duration of 33 days. Although many of

the patients had been treated at other hospitals prior to referral for correction of their stenosis, the care of

patients who developed stenosis at the Massachusetts General Hospital included hourly deflation and rein-

flation with no more air than was required to effect a seal at peak airway pressure. All procedures and suc-

tioning were done with aseptic precautions.

In patients in whom precise information was available on the time interval between extubation and

the onset of symptoms, it was found that 18 had symptoms within 30 days and 24 had symptoms within

90 days of extubation. One patient was seen 18 months following extubation. In some patients, the symp-

toms were evident within a few days after removal of the tube. A 30- to 90-day interval, however, meant

that many of these patients were discharged from the hospital prior to development of symptoms. This

undoubtedly accounts for the fact that so many were treated for “adult onset asthma” or other vague diag-

noses. Clinical history is a most important element in diagnosis.

A later analysis of 156 postintubation lesions treated in the decade between 1965 and 1975 showed

that 14 patients had never had tracheostomy, but had developed stenosis from the cuff on endotracheal

tubes. Several had been intubated for periods less than 48 hours and one case was for less than 36 hours.

Of the lesions related to tracheostomy tubes, 72 were due to cuff stenoses, 51 to stomal strictures, 9 had

had both lesions present, and the etiology was uncertain in 1 other case. Two patients had segments that

demonstrated malacia only; both were located in areas of cuff damage. There were 6 tracheoesophageal

fistulae due to cuffs and 1 fistula to the brachiocephalic artery due to a cuff erosion.

A review carried out in 1995 showed an increasing ratio of stomal over cuff lesions in patients

with tracheostomy tubes (from 1:1.4 in the decade of 1965–1975 to 2.3:1 in the two decades from

1975–1995), probably reflecting the introduction of low-pressure cuffs and their correct usage.32

Increasing use of endotracheal tube ventilation is suggested by an increasing ratio of cuff stenoses from

endotracheal tubes over those from tracheostomy tubes (1:5.1 in 1965–1975 compared to 1.8:1 in

1975–1995). Increased incidence in laryngotracheal subglottic stenosis, chiefly the result of ventilation

with endotracheal tubes, also reflects this changing preference in chosen route of administration of

mechanical ventilation.



Diagnosis

When the presence of stenosis is suspected on the basis of the history, symptoms, and signs, appropriate

imaging studies will quickly define the location and extent of the lesion. Once a patient begins to have stri-

dor and shortness of breath on minimal exertion, the lesion may progress rapidly toward complete obstruc-

tion. A small plug of mucous or edema may close the airway completely. Such patients must be hospital-

ized at once, watched carefully in a respiratory care unit, and studies completed urgently. Conventional

radiologic images are often more useful than a computed tomography (CT) scan or CT-derived recon-

structed images (see Chapter 4, “Imaging the Larynx and Trachea”) (Figures 11-21A–E). Contrast medium

is not necessary and may cause some difficulty in patients who have high degrees of obstruction. Fluo-

roscopy is essential as an added means of assessing glottic function and to detect tracheomalacia (see 

Figures 11-14A,B). It is extremely important to define all tracheal lesions and to analyze the status of the

larynx precisely, since concurrent lesions do occur. The treatment of specific lesions varies and a total plan

should be based on complete information. In particular, it is important that an effective functional laryn-

geal airway be assured before tracheal reconstruction is undertaken. It may be necessary to temporize even

with a tracheostomy while an affected larynx is initially repaired. Synchronous repair of the larynx and tra-

chea is possible but can add risk.33 High tracheal lesions must be differentiated from those that also involve

the subglottic larynx.8 An early surgical failure in our series was due to failure to recognize a significant

degree of proximal malacia in addition to stenosis. Another failure was due to a lack of appreciation of glot-

tic inadequacy, in a patient with a complex tracheal stenosis.

Informative tracheal x-rays should be available prior to endoscopy. Findings on bronchoscopy may

be somewhat confusing to a surgeon who has not seen many of these lesions. X-rays serve as a road map

for the bronchoscopist. Also, malacia may not be recognized bronchoscopically, especially under general

anesthesia, without prior warning of its presence from fluoroscopic examination. Diagnostic bronchoscopy

is discussed in Chapter 5, “Diagnostic Endoscopy.” It is my firm belief that every patient with a diagnosis of

“adult onset asthma” should be examined bronchoscopically to rule out organic obstruction.

Management and Results

Urgent Management

A number of patients will have been treated previously for acute respiratory arrest in a hospital from which

they were referred. Others will arrive with high degrees of obstruction in very tenuous status. Respiratory

decompensation can occur very soon after admission.

If a hospitalized patient develops nearly complete obstruction of the airway after failure to recognize

the severity of the problem, or suddenly deteriorates while under observation, emergency endotracheal

intubation may be required. No effort should be made to push a tube through the stenosis. Rather, the

endotracheal tube should be placed above the stricture and the airway suctioned. With positive pressure

ventilation, it is almost always possible to maintain the patient with a Venturi-like flow through the steno-

sis. A laryngeal mask airway can be used for a subglottic stenosis where proximal intubation is not possi-

ble. The patient should be moved promptly to the operating room, where a rigid bronchoscopy and dila-

tion of the stenosis can be done under general anesthesia without respiratory paralysis.

Very few patients, even those in borderline state, require such urgent intubation. Immediately upon

arrival to the hospital, the patient should be placed in a high-level intensive care facility, preferably a respi-

ratory unit, where intubation can be done at a moment’s notice and where there is constant attendance by

appropriately trained physicians. With gentle physiotherapy, suctioning, adequate humidification, and sup-

plemental oxygen or heliox, and with light medication to control anxiety, the patient usually settles down

and is quite comfortable. The time gained may be used for obtaining appropriate diagnostic x-rays and ini-
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tial clarification of the patient’s medical condition. An elective corrective surgical procedure may be

planned and performed under ideal circumstances. This will minimize errors in appraisal of the lesion and

of the larynx. If the patient’s condition fails to improve or deteriorates, the surgical team should move

promptly to bronchoscopic evaluation and dilation under general anesthesia.

A technique for safe emergency tracheal dilation is detailed in Chapter 19, “Urgent Treatment of

Tracheal Obstruction.” Dilation is also a method of temporizing while a patient is further evaluated and

FIGURE 11-21 Roentgenographic delineation of postintubation stenosis. A, Filtered view of entire upper airway, in a 60-year-old man with recur-
rent upper tracheal stenosis after prior resection of the stomal stenosis elsewhere. Stenosis followed ventilation via tracheostomy for respiratory fail-
ure after coronary artery surgery. Easily identifiable are the false vocal cords, glottis (arrow), subglottic larynx, stenosis (arrow), and the length of
normal trachea remaining. B, Evolution of a cuff stenosis for ventilation with an endotracheal tube only. On the left is a detail from a chest x-ray
showing the endotracheal tube and the distended balloon cuff (arrows). On the right is the stenosis (arrows) in the same tracheal segment, from
another plain chest x-ray. C, The stenotic lesion from B shown on a computed tomography scan. The left image shows the beginning of the steno-
sis whereas the right image shows the middle of the lesion. Note the nearly complete destruction of the cartilage, and the massive scar tissue con-
tracting the lumen to a fraction of normal cross section.
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medical or other surgical problems are corrected. Dilation may be ineffective in a patient with stomal steno-

sis, but such patients usually do not obstruct so totally. In circumferential cuff stenosis, dilation is essen-

tially always only transiently effective. In most patients, dilation is effective for days to weeks or longer. Tra-
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FIGURE 11-21 (CONTINUED) D, Tomograms outlining areas of stomal stenosis and anastomosis pre- and postoperatively (left
and right images, respectively). Note the irregularity of the right side of the subglottic larynx preoperatively. There is slight nar-
rowing at the anastomosis. E, Computed tomography scans comparing a nearly normal trachea at left image with side-to-side
narrowing of a stomal stenosis on the right image. Indentation of the cutaneous scar is seen. At bronchoscopy and operation,
the anterior cricoid cartilage proved to be completely eroded, and thus required laryngotracheal resection and reconstruction.
Imaging and endoscopy are both essential before an operation.
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cheostomy is best avoided if it appears possible to move ahead soon to a definitive surgical treatment. A

fresh tracheostomy usually delays surgical repair and, worse, may damage normal trachea necessary for

reconstruction, if the tracheostomy is mistakenly placed other than through the lesion itself. Dilation, per-

formed carefully by an experienced endoscopist, is also a procedure that may be used in an institution

where there is little experience in tracheal reconstruction. A patient may then be transferred safely to a cen-

ter where such work is done regularly, without the delaying or potentially damaging effect of tracheostomy.

Transfer should be expeditious since the duration of relief from dilation is unpredictable. A small endotra-

cheal tube may be inserted through the dilated lesion, if necessary, for transportation. Dilation through an

existing stoma is described in Chapter 19, “Urgent Treatment of Tracheal Obstruction.”

There is little practical use for lasers in these situations. Some improvement may be obtained by laser-

ing away small amounts of granulation tissue or scar, but this should be no more than is usually obtained

by dilation with, sometimes, use of bronchoscopic biopsy forceps. Radial lasering and dilation seem to have

little benefit greater than dilation alone. It must be recalled that the pathology of a tracheal stenosis most

often involves hourglass or side-to-side narrowing of the trachea, so that aggressive destruction of tracheal

wall can result in perforation.

If for any reason surgical treatment is not elected, or if the patient is nontransportable, a tracheostomy

may be necessary for longer-term management, even if not as the definitive treatment. Bronchoscopic dila-

tion is done first under general anesthesia. The rigid ventilating bronchoscope used for dilation should

remain in place for ventilation and as a guide for tracheostomy. If there was a prior tracheostomy, it is often

advisable to reinstitute the tracheostomy at precisely the same point where the previous opening was made,

especially if it lies in the stenotic segment (Figure 11-22A). If the stricture is stomal, no additional trachea

will be damaged by a second tracheostomy. A cuff stenosis that lies in the cervical trachea is the best site for

a necessary tracheostomy (Figure 11-22B). If the lesion is a cuff stenosis and lies at or below the sternal

notch, then the least damage will be done, with few exceptions, if the old tracheostomy site is carefully

reopened (Figure 11-22C). The procedure is minimal since the scar leads directly to the trachea. A trans-

verse incision about 1 cm in length in the prior tracheostomy scar will usually suffice. The tracheostomy

tube must be passed through the stenosis, confirmed by flexible bronchoscopy through the 

tracheostomy tube. Otherwise, a false sense of security will be obtained while the stenosis may close down

below the tip of the tracheostomy tube. If a prior surgeon had recently placed a new tracheostomy inferi-

or to an obstructing stenosis, which threatens to increase the extent of tracheal damage, then this length of

potentially useful trachea may be recaptured, by replacing a tracheostomy through the stenotic segment

and permitting the new, inferior stoma to heal (Figure 11-22D). If operation must be delayed a T tube pro-

vides a patient with a more normal airway and with voice. Dilation of a tracheal stenosis, reinstitution of a

tracheostomy at an appropriate level, and reinsertion of a tube of proper length or a T tube is also a method

of permanent management of a tracheal stenosis where repair is contraindicated. If early reconstruction is

envisaged, peroral dilation is the method of choice. Rarely would a silicone stent be considered as a bridge

to later resection, and never should an expandable stent be considered at all.

Postintubation tracheoesophageal fistula and tracheo-innominate fistula are  discussed in Chapter 12,

“Acquired Tracheoesophageal and Bronchoesophageal Fistula,” and Chapter 13, “Tracheal Fistula to 

Brachiocephalic Artery.”

Selection of Patients for Reconstruction

Most patients with stenotic lesions of the trachea can be managed indefinitely by reinstituting a tracheostomy

and placing an appropriate splinting tube, such as a Montgomery silastic T tube, through the stenosis. This

places a great burden on a surgeon proposing reconstruction, who must then confidently be able to offer a

very high chance of success for a proposed surgical alternative to a T tube. This is heightened by the fact that



the best opportunity for successful reconstruction lies in the initial surgical attempt. Second trials may or

may not succeed and a third attempt entails even more risk. Tracheal reconstructive procedures should not

be undertaken without considerable study and experience. Silicone or expandable stents, even if coated,

appear inadvisable to treat benign stenosis, since they not only produce severe stenotic lesions but may make

future definitive repair impossible (see Chapter 40, “Tracheal and Bronchial Stenting”).34
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FIGURE 11-22 Correct placement of tracheostomy tubes, when necessary, to manage postintubation tracheal stenoses. A, A stomal stenosis is best
treated by locating the new tracheostomy in the stenotic segment, never below it. B, A high cervical cuff stenosis is best treated by locating the new
tracheostomy in the stenotic segment, never below it. C, A low substernal cuff stenosis is managed by tracheostomy in a prior cervical site or at the
conventional (2d–3d ring) site, with placement of a tube long enough to extend through the distal stenosis. D, If a cervical stenosis of considerable
length has been managed by tracheostomy placed distal to it, the tracheostomy site should be relocated to the stenosed segment. The inferior tra-
cheostomy is allowed to heal, thus recapturing a usable distal tracheal length. T tubes are also placed in the same locations in each case for longer-
term management of patients, providing voice and more normal respiration.
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As techniques evolved and experience increased, I rejected few patients for “medical reasons,” partic-

ularly those with poor respiratory reserve or marginal cardiac status. Essentially, all postintubation tracheal

stenoses may be repaired through an anterior approach, avoiding entry into the pleura or pericardium,

even with lesions at the supracarinal level (see Chapter 24, “Tracheal Reconstruction: Anterior Approach

and Extended Resection”). With skilled anesthesia and with exquisite intra- and postoperative management

of the airway, few patients need to be denied curative treatment. The patient who remains in need of a res-

pirator, however, should not be considered for surgical reconstruction unless there is absolutely no alterna-

tive way to maintain the airway, a situation which rarely pertains. A patient who will predictably require

prolonged mechanical respiratory support postoperatively is also best deferred as a surgical candidate. Even

a low-pressure cuff in contact with a fresh anastomosis for a long period of time will incite inflammation,

which may lead to dehiscence and death. Following extensive tracheal resection, it may be impossible to seat

a cuff that will not impinge on the anastomosis in the shortened trachea.

I have preferred not to perform reconstructions in patients who have basic diseases that will almost

certainly require another tracheostomy within a very short period of time. An example of this is a patient

who suffers from severe myasthenia gravis and has required multiple tracheostomies over the course of ill-

ness. For such a patient, a fenestrated tracheostomy tube or a silastic T tube seems preferable to provide air-

way and speech. I do consider patients with a borderline pulmonary status for reconstruction. In these

patients, a calculated risk is taken, after full discussion with the patient, with the understanding that should

another attack of respiratory failure in the future occur, then another tracheostomy, temporary or perma-

nent tracheostomy may be required. Thus far, such patients have been satisfied to obtain a prolonged or,

most often, indefinite relief from tracheostomy. With proper consultation and management, stable coro-

nary artery disease is not a contraindication to reconstruction. Proponents of lasers and stents have all too

readily accepted these conditions as reasons to deny patients definitive surgical treatment.

Elective tracheal reconstruction is best deferred in patients who are on chronic high-dose cortico-

steroid therapy. Although healing does occur slowly in the presence of significant doses of steroids, the

chance of dehiscence is increased. Even with only moderately long resection, and hence moderate anasto-

motic tension, the result may be slow distraction due to delayed collagenous healing, slow increase in ten-

sile strength, and subsequent restenosis. In 2 patients who suffered anastomotic stenosis following

reconstruction, while on about 50 mg of prednisone daily, a successful re-resection was later accomplished

when they were no longer steroid dependent. Where possible, it is preferable to wean the patient from the

drug completely or to low doses before a tracheal operation. In the interim, the patient may be carried by

repeated dilations, or with a T tube, if dilation is required too frequently. A paradoxical problem arises in

a patient whose myasthenia gravis is successfully controlled with chronic steroid treatment, but who has a

tracheal stenosis. Here, conservative management with a T tube may be preferable.

Demonstrated subtotal destruction of the trachea contraindicates reconstruction. An example is a

patient who has only 2 or 3 cm of adequate trachea remaining. In postintubation lesions, this is almost

always a result of inappropriate attempts at surgical repair of the trachea, and almost never from the origi-

nal lesion. Although it may be possible to try to rebuild such tracheae in stages or to attempt replacement

with a prosthesis, the first method is complex and the second is experimental. Failure is frequent and may

be fatal (see Chapter 45, “Tracheal Replacement”). A safe and relatively satisfactory alternative is to splint the

trachea with a Montgomery silastic T tube (see Chapter 39, “Tracheal T Tubes”). Pearson and Andrews pre-

ferred to defer operation until a fresh stenosis had “matured” and acute inflammatory changes had sub-

sided.35 In the presence of florid granulations and acute inflammation, I completely agree that it is judicious

to delay surgery until the inflammatory reaction subsides. This may require weeks, months, or longer. Fol-

lowing a prior failed attempt at reconstruction, at least 4 months, and preferably 6, should pass before a sec-

ond operation. Even then, surgical planes will be difficult and the chance of success somewhat diminished.



A variety of treatments have been used for postintubation stenosis, including repetitive dilation with

or without injection of steroids into the area of inflammation, lasering, or, usually more effectively, the

insertion of conventional internal splints (a tracheostomy tube or silastic T tube). Rarely, a patient with a

lesion characterized by incomplete destruction of the tracheal wall in depth, extent, or circumference, may

achieve a permanently open airway after a prolonged period of stenting. Lesions that respond to such treat-

ment are usually of lesser severity. As the inflammatory process subsides and the scar becomes more

mature, a partial airway is obtained. In order for this to occur in the trachea, it must be assumed that part

of the structural integrity of the cartilaginous wall remained. Treatment requires a prolonged period of

time and often results in a less than ideal airway. When the splinting tube is removed, the patient must

remain under close observation, since in most cases, the stenosis will contract again over time and ulti-

mately require surgical reconstruction. Stenting should not be a routine step in treating tracheal stenosis,

since success by this method is so rare. Furthermore, expandable stents, even when coated, may cause severe

proximal and distal granulation and stenosis, extending the original lesion to unresectable lengths (Figures

29 and 30 [Color Plate 15]).34 Such stents should not be used, especially where the lesion is a correctable

one. In most patients, indications for surgical correction are evident when the patient is first seen.

For most patients, there is almost no hope for success of a “conservative” treatment. The alternatives

are a permanent tube or surgical reconstruction. Patients who have had splinting tubes in place for months,

or even years, will usually close their airway acutely in the 40 or 50 minutes required for tracheal radio-

graphy to be completed with a tracheostomy tube removed. Following removal of a T tube, distress usually

occurs in days to weeks. As surgical techniques and experience with tracheal reconstruction grew, I felt

increasingly justified in advising early reconstruction rather than tedious trials of uncomfortable conserv-

ative treatment, which could rarely succeed. Repair has only been deferred in the special categories

described. Especially to be avoided are inlying stents, which make lesions surgically incurable. Even silicone

stents for lesions high in the trachea may incite granulation tissue if they impinge on the conus elasticus of

the subglottic larynx.

Definitive Treatment

Surgical techniques, applicable to correction of postintubation stenosis are detailed in Chapter 24, “Tra-

cheal Reconstruction: Anterior Approach and Extended Resection,” and Chapter 25, “Laryngotracheal

Reconstruction.” The surgical management of postintubation tracheoesophageal and tracheoarterial fistu-

lae is related in Chapter 26, “Repair of Acquired Tracheoesophageal and Bronchoesophageal Fistula,” and

Chapter 27, “Repair of Tracheobrachiocephalic Artery Fistula.” The rare lesion of isolated malacia resulting

from intubation is best treated by segmental resection, where its length is not excessive.

Results of Surgical Treatment

Patients. In the 27 years between 1965 and 1992, 503 patients underwent tracheal resection and recon-

struction for postintubation lesions at Massachusetts General Hospital.32 There were 266 males and 237

females with an age range of 6 to 85 years (average 44 years). Of these, 251 lesions resulted from the seal-

ing cuff of an endotracheal or tracheostomy tube, 178 were at the site of a tracheostomy, and 38 had evi-

dence of both lesions. In 36 cases, the exact site of origin was not certain, often because of previous attempts

at treatment, including multiple tracheostomies. In 441 patients, the lesions were principally tracheal.

Sixty-two had involvement of the subglottic larynx as well as the upper trachea. In 123 patients, ventilation

had been provided only with an endotracheal tube. Most patients had received ventilatory assistance ini-

tially via an endotracheal tube for varying periods of time before tracheostomy, and 380 had either already

had a tracheostomy or were given one when seen. Of note is the fact that 2 patients had been intubated for

less than 18 hours, several for 48 hours or less. Nearly all had received ventilatory assistance.
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Many patients had undergone prior attempts at surgical treatment before referral. These included

resection (53), tracheal operations such as wedge resections, splinting, or fissure (31), and laryngeal proce-

dures such as stenting, grafting, or fissure (20). Sixty had had T tubes placed and at least 45 had undergone

laser treatment. Eight patients had had prior repairs of tracheoesophageal fistula, 3 of which had failed.

Operative Treatment. At MGH, 521 tracheal resections were done on the 503 patients described above. Thir-

teen of them who had restenosis after initial operation were later reoperated upon. Five patients with immedi-

ate failure because of residual malacia were reoperated on within hours of the initial operation. These cases are

not counted as additional reconstructions but as complications. Since this series includes our entire experience,

the surgical technique had evolved over the 27 years spanned. Surgical procedures are described in Part 2 of

this book. Approach was through a cervical incision in 350 patients, through a partial upper sternotomy to a

point below the sternal angle (cervicomediastinal) in 145 patients, with 2 additional patients requiring exten-

sion of the cervicomediastinal incision into right anterior thoracotomy. Earlier, a right posterolateral thoraco-

tomy was used for 6 patients. Few if any reconstructions for postintubation stenosis would now be done

through thoracotomy. A cervical or upper cervicomediastinal incision suffices, even for lesions at the

supracarinal level. Complete sternotomy is unnecessary. The amount of trachea resected most commonly mea-

sured between 2 to 4 cm with a range from 1 to 7.5 cm. Anastomotic tension was routinely lessened by com-

plete dissection of the pretracheal plane and by cervical flexion at the time of anastomosis. Laryngeal release

was used in 49 patients, the first 9 by the thyrohyoid technique of Dedo and Fishman,36 which Dedo has now

abandoned, and the remaining 40 by the suprahyoid technique of Montgomery.37 Laryngeal release was used

in 9.7% of patients. Only 8% of the 450 patients who had not undergone prior tracheal resection were thought

to require laryngeal release to reduce anastomotic tension, in comparison with 24% of the 53 who had had

prior resection and reconstruction. In only one complex case, an intrapericardial hilar release was added.

Trachea-to-trachea anastomosis was performed in 324 patients, trachea-to-cricoid anastomosis (with

horizontal removal of varying amounts of the anterior cricoid cartilage) in 117 patients, and laryngo-

tracheal anastomosis (with removal of the anterior cricoid arch of the subglottic larynx) in 62. Laryngeal

release was used in 29 of 324 (9%) patients with trachea-to-trachea anastomosis, in 12 of 117 (10.3%) with

trachea-to-cricoid anastomosis, and in 8 of 62 (12.9%) with trachea-to-thyroid cartilage anastomosis. The

use of laryngeal release was dictated by the extent of resection and tracheal mobility in each patient. It was

necessary more often in patients who had undergone prior resection or in whom the lesion extended into

the lower larynx. Laryngeal release should not be employed routinely.

Although the technique of placement of sutures varied little over the period described, suture mate-

rial progressively changed. Prior to 1978, 4-0 Dacron polyester, Tevdek polyester, Mersilene polyester, and

Prolene polypropylene sutures were used in a search for improvement. Sufficiently fine, absorbable catgut

was not strong enough for use. Wire presented a threat to an adjacent brachiocephalic artery. Since 1978,

Vicryl polyglactin 910 has been used. The change was dictated by the frequency of granulomas at the suture

line with all nonabsorbable sutures listed. Granulations essentially vanished following change to the use of

absorbable Vicryl. Suture line granulations dropped from an incidence of 23.6 to 1.6%, and most are now

not of clinical importance. Monofilament PDS polydioxanone was tried and discarded since no advantage

over Vicryl was found and it was somewhat more difficult to use.

Twenty-five patients in the series had tracheoesophageal fistulae as well. Seven patients with stenosis

accompanied by extensive tracheomalacia were managed with the placement of one or more polypropyl-

ene rings around the malacic segment of the trachea, usually above the level of the tracheal resection for

stenosis. In 84 patients, the anastomoses were covered with adjacent tissues: thyroid isthmus in 50, cervical

strap muscle in 26, and other tissue including thymus and pericardial fat pad in 8. If the pathology and,

therefore, the anastomosis lay adjacent to the innominate artery, or if the artery had been dissected in a



prior operation, then the tissue (usually pedicled sternohyoid muscle) was interposed between the anasto-

mosis and the artery. Routine wrapping of the anastomoses was not deemed necessary in the cervical or

mediastinal region with these approaches, in contrast to intrathoracic anastomoses.

Results. In the MGH series, results were classified as good, satisfactory, failure, and death. Good indicates

a patient being functionally able to perform usual activities, with an anatomically, essentially normal air-

way, as determined by postoperative roentgenograms or bronchoscopy. Results are considered satisfactory

if the patient can perform normal activities but is stressed on exercise, or if there exists an abnormality such

as a paralyzed or paretic vocal cord, or where significant airway narrowing is evident on endoscopy or

roentgenograms, even if the patient’s level of activity does not clinically evidence this. Patients were con-

sidered failures if they required a permanent tracheostomy or T tube to maintain an airway. The average

length of follow-up was 3 years. In our experience, patients who remain stable after 2 months are very

unlikely to have further difficulties. By 6 months to a year, the result may be considered to be final. Later

change in clinical status was not observed.

Results were good in 440 patients and satisfactory in 31 patients, and there were 20 failures and 12 deaths

(Table 11-1). Of the failed patients, 11 were treated with a tracheostomy, 7 with a T tube, and dilations in 2.

Factors in the Results. Prior resection and reconstruction led to 72.2% good results in comparison with 85%

good results in those without prior resection and reconstruction (see Table 11-1).32 Combined good and sat-

isfactory results were 90.2% and 94.4%, respectively, with and without prior resection. The failure rate of the

first operation was 3.8% with a 2.4% mortality, compared with 5.6% failure with a prior resection. Despite

a surprisingly high proportion of good results (87%), reconstruction after prior complex tracheal operations

such as insertion of a Marlex prosthesis, cartilage grafts, hyoid bone grafts, cutaneous trough operations, and

stented cutaneous grafts, led to the highest failure rate (9.7%) (Table 11-2). A previous T tube, laser thera-

py, or prior repair of tracheoesophageal fistula did not seem to affect outcome adversely.

The failure rate increased with a higher level of anastomosis (Table 11-3): trachea-to-trachea anasto-

mosis 2.2%, trachea-to-cricoid 6.0%, and trachea-to-thyroid cartilage 8.1%. Minor complications became

more prevalent with each level (from 16% to 17.1% to 21%) but major complications were unchanged

(13.9%, 15.4%, 12.9%, respectively).

Laryngeal release was performed in 46 patients with an average length of resection of 4.4 cm. Forty-one

were done at the initial operation and 5 at reoperation. Three additional patients had release before referral.

Of the 41 released initially, results were good in 77%, satisfactory in 9.1%, and failure or death occurred in

6.8%. The 5 who underwent release with reoperation and the 3 with a prior release all had good outcomes.

Of the 20 patients with tracheoesophageal fistulae also, including 3 with failed prior repairs, 18 had a

good outcome, 1 was satisfactory with reoperation, and 1 died. Patients with short segments of tracheo-

malacia were treated by resection. However, 7 who underwent tracheal resection for stenosis had extensive
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Table 11-1 Results of Surgical Treatment of Postintubation Tracheal Stenosis

Number of
Good Satisfactory Failure Death Reoperation

Patients Number % Number % Number % Number % Number %

Initial operation 503 427 84.9 27 5.3 19 3.8 12 2.4 18 3.6

Reoperation 18 13 72.2 4 22.2 1 5.6 0 0 0 0

Overall 503 440 87.5 31 6.2 20 3.9 12 2.4 0 0

Reprinted with permission from Grillo HC et al.32
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additional malacic segments splinted with polypropylene rings. Three had a good outcome, 1 failure

required a permanent T tube, and 1 died. Two reoperations resulted in 1 good and 1 satisfactory result. This

procedure is not a standard operation, is not recommended, and requires further study and development.

The danger points are potential loss of blood supply to the malacic segment and infection around the for-

eign material in a procedure where the trachea is also opened.

Postoperative reintubation was necessary in 23 patients: 9 on the day of surgery, 11 in the first post-

operative weeks, and 1 at 30 days. Proximity of repair to the glottis increased the likelihood: 9 reintubations

in 324 trachea-to-trachea, 8 in 117 trachea-to-cricoid, and 6 in 62 trachea-to-thyroid cartilage anasto-

moses. Since reintubation indicated a major problem, it is not surprising that 4 of these patients needed

permanent tracheostomy or T tube and that 5 patients died.

In 27 patients, a concurrent tracheostomy was deemed advisable at completion of the reconstruction

for factors such as laryngeal edema, vocal cord paralysis, or severe and uncorrectable narrowing immedi-

ately below the glottis. Tracheostomy was initially routinely performed in our early series of laryngotracheal

reconstructions but is now used only occasionally for specific indications. Four T tubes were also placed,

for such reasons as control of a high second stenosis after resection of a lower one. Twenty-one obtained

Table 11-2 Effect of Prior Treatment on Results of Surgical Treatment of Tracheal Stenosis

Good Satisfactory Failure Death Reoperation

Treatment Total Number % Number % Number % Number % Number %

T tube 60 51 85 0 0 3 5 2 3.3 4 6.7

Laser 45 40 88.9 1 2.2 1 2.2 0 0 3 6.7

Resection and 53 40 75.5 6 11.3 3 5.6 2 3.8 2 3.8

reconstruction

Other tracheal 31 27 87.1 1 3.2 3 9.7 0 0 0 0

surgery

Laryngeal surgery 20 16 80 2 10 0 0 1 5 1 5

TEF repair 8 7 87.5 0 0 0 0 0 0 1 12.5

No prior treatment 342 295 86.2 18 5.3 12 3.5 8 2.3 9 2.7

No prior resection 450 387 86 21 4.7 16 3.6 10 2.1 16 3.6

and reconstruction

Reprinted with permission from Grillo HC et al.32 TEF = tracheoesophageal fistula.

Table 11-3 Effect of Level of Anastomosis, Presence of TEF, and Use of Ring Supports on Results of Surgical Treatment of

Tracheal Stenosis 

Good Satisfactory Failure Death Reoperation

Treatment Total Number % Number % Number % Number % Number %

Anastomosis

Trachea-trachea 324 275 85.9 18 5.5 7 2.2 9 2.8 15 4.6

Trachea-cricoid 117 101 86.3 4 3.4 7 6.0 2 1.7 3 2.6

Trachea-thyroid 62 51 82.2 5 8.1 5 8.1 1 1.6 0 0

TEF repair 20 18 90.0 0 0 0 0 1 5.0 1 5.0

Plastic ring supports used 7 3 42.9 0 0 1 14.3 1 14.3 2 28.5

Reprinted with permission from Grillo HC et al.32 TEF = tracheoesophageal fistula.



good results, 3 satisfactory, whereas 1 required reoperation and 2 required permanent tracheostomy. The

placement of a complementary tracheostomy and its compartmentalization from the fresh anastomosis

and from the innominate artery are detailed in Chapter 25, “Laryngotracheal Reconstruction.”

Complications of operations are summarized in Table 11-4 and discussed in detail in Chapter 21,

“Complications of Tracheal Reconstruction.”

Deaths occurred in 12 patients perioperatively. Anastomotic dehiscence and its complications

accounted for 7 deaths, including 2 with consequent innominate artery hemorrhage. One of these had

undergone a resection through massive fibrosis of prior irradiated Hodgkin’s disease, and reconstruction

failed despite omentoplasty. Retrospectively, healing was not possible. Subsequent patients with this lesion

have been managed with T tubes. Early in our series, 2 patients with previously failed resections elsewhere

were reoperated on, while on respirators, a situation that should be avoided. Reintubation for secretions

and flail chest accounted for the other dehiscences. In the era when only high-pressure cuffs were available,

reintubation after extensive resection soon led to dehiscence. Low-pressure cuffs resting on a fresh anasto-

mosis also encourage separation, but after a longer interval of irritation. If ventilation is needed after tra-

cheal reconstruction, it is best to site the cuff above or below the anastomosis, if possible.

One patient died from a postoperative innominate artery fistula, 2 from malacic tracheal obstruction,

1 from myocardial infarction, and 1 from respiratory failure late at home without clarification of cause.

Reconstruction after an Unsuccessful Repair

Reconstruction following a prior attempt is daunting because of reduced length of normal trachea avail-

able, and surgical scar, which makes dissection difficult, endangers recurrent laryngeal nerves, limits tra-

cheal mobility, and may affect tracheal blood supply. Reoperation should be delayed for 4 to 6 months after

a prior reconstruction to allow subsidence of tissue inflammation and edema, and maturation of scar. We
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Table 11-4 Complications of Operations for Postintubation Tracheal Stenosis

Major Minor Total

Granulations 11 38 49

Before 1978 10 34 44

After 1978 1 4 5

Dehiscence 28 1 29

Laryngeal dysfunction 11 14 25

Malacia 10 0 10

Hemorrhage 5 0 5

Edema (anastomosis) 3 1 4

Infection 12 22 34

Wound 7 8 15

Pulmonary 5 14 19

Myocardial infarction 1 0 1

Tracheoesophageal fistula 1 0 1

Pneumothorax 0 3 3

Line infection 0 1 1

Atrial fibrillation 0 1 1

Deep venous thrombosis 0 1 1

Total 82 82 164

Reprinted with permission from Grillo HC et al.32



338 Surgery of the Trachea and Bronchi

reoperated on 75 patients, 16 failures of our own and 59 referred after failure elsewhere.38 They had been

managed with observation, dilation, tracheostomy, or T tube. Nineteen required laryngeal release and

complications were more frequent. Results were surprisingly good in this group: 78.6% were good, 13.3%

satisfactory, and 5.3% were failures. Two died (2.75%) after dehiscence.

Failure of tracheal reconstruction is best treated with a permanent T tube if there is insufficient tis-

sue for a safe reconstruction. Although 16 of our own failures were reoperated upon, another 16 were not

treated by re-resection.

Comment

The generally good and satisfactory results of surgical treatment of postintubation stenosis (93.7%), even

when it involves the subglottic larynx (90.3%) and even in the presence of the rare TEF justify resection

and reconstruction as treatments of choice.32 Good results are confirmed in reports by and Maddaus and

colleagues,33 Pearson and Andrews,35 Couraud and colleagues,39 and Bisson and colleagues.40 These excel-

lent series are not further detailed here because they report findings very similar to those described. T tubes,

inlying stents, and laser treatment may be applicable in a very limited spectrum of lesions and at a much

lesser level of success. Laser treatment most often fails as a definitive treatment. The “thin, web-like stenosis,”

in which laser treatment might be expected to effect cure, is an extremely rare lesion (see Chapter 37, “Laser

Therapy for Tracheobronchial Lesions”). Failure rate for resection was 3.9%, with the death rate at 2.4%,

for all patients. For the more difficult laryngotracheal cases, these rates are 8.1% and 1.6%, respectively,

counseling caution in these patients.

The lower surgical success rate in patients who had prior failure of reconstruction confirms the

observation that the first operation is most likely to succeed and should ideally be performed by experi-

enced hands. The more complex the prior treatment, the more likely eventual failure, even after reopera-

tion. Finally, it must be emphasized that a permanent tracheal T tube may be the best solution for a patient

with extensive tracheal damage that defies straightforward reconstruction.
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Acquired Tracheoesophageal Fistula

Granulomatous infection, foreign bodies, and trauma used to be the most common causes of benign

acquired tracheoesophageal fistula (TEF). Added to these were fistulae from complications of surgical pro-

cedures such as anterior cervical spine fusion and laryngectomy. With widespread use of cuffed tubes for ven-

tilation, postintubation fistulae became predominant. In 1968, in a review of acquired nonmalignant

esophagotracheal and esophagobronchial fistulae, Wesselhoeft and Keshishian reported no cases of tra-

cheoesophageal fistula related to cuffs.1 By 1973, Thomas collected 46 such cases (30 fully documented),

including 7 of his own.2 Although the use of low-pressure, large-volume cuffs has reduced the incidence, fis-

tulae from this source remain the most common. Immunodeficiency syndromes may also result in fistulae.

In fistulae due to granuloma and foreign body, the pathology involves the membranous wall of the tra-

chea and is often limited in extent.3 Traumatic fistulae may be very extensive and be accompanied by mediasti-

nal inflammation and infection. A postintubation fistula results from erosion of the membranous wall of the

trachea and the adjacent esophageal wall, “the party wall,” because of pressure from the ventilatory cuff usually

exerted against a firm nasogastric tube lying in the esophagus (Figures 12-1, 12-2) (see Chapter 11, “Post-

intubation Stenosis”). Overinflation of a large-volume cuff by even a small, added volume of air converts it to

a high-pressure cuff. The fistula may erode the entire width of the membranous wall; these are often termed

“giant fistulae.” Since the inflammatory process is progressive, there is never leakage into the mediastinum in

the way there is in a traumatic fistula. Spontaneous healing of such fistulae has not been documented, although

on rare occasion, a small recent traumatic fistula may close spontaneously. Circumferential injury to the trachea

is almost always present concurrently with a postintubation TEF due to pressure necrosis caused by the cuff.

Fistula from the neoesophagus to trachea after esophagectomy is fortunately rare.4 These may follow

anastomotic leakage, dilation of stenosis, or tracheal or enteric ischemia as a result of surgical dissection.5

Cervical anastomotic leakage is a principal cause. Symptoms range from cough associated with ingestion to

life threatening aspiration pneumonia.
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More recently, expandable stents have caused TEF spontaneously, after placement of an expandable

coated esophageal stent, and as a consequence of difficult removal of a tracheal stent which has become

severely obstructive.6,7

The rare but devastating occurrence of necrotizing esophagitis that occurs in immunodeficiency

states produces both TEF and bronchoesophageal fistula (BEF), with a high mortality rate.8

Malignant TEF often results from carcinoma of the esophagus, and less so from carcinoma of the

lung or lymphoma. Isolated instances have been associated with adenoid cystic carcinoma and even carci-

noid tumor. Irradiation treatment of esophageal carcinoma that involves the tracheal wall may accelerate

fistula formation.

The topic of congenital tracheoesophageal fistula and esophageal atresia has been extensively treated

in many textbooks of surgery and pediatric surgery. It is not included in this book, especially since the

reconstructive problem is largely esophageal. Rarely, a small recurrent fistula may become symptomatic

many years after repair of a congenital TEF in infancy. Attention should be called, however, to the very rare

and usually cervical congenital H-type fistula without esophageal atresia, which may give symptoms later

in life (see Chapter 6, “Congenital and Acquired Tracheal Lesions in Children”). The signs are principally

cough or choking episodes after ingestion of liquid or other food. The fistula may be very small and clini-

FIGURE 12-1 Origin and anatomy of postintubation tracheoesophageal fistula. Lateral diagrams of the trachea and esophagus. A, The overdis-
tended cuff has injured the trachea circumferentially. The “party wall” posteriorly has become devascularized and has necrosed by being pinched
between the cuff and a firm nasogastric tube in the esophagus. B, The fistula is usually below the stoma, at the level of the balloon cuff.
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cal presentation not obvious. Repeated bouts of respiratory infection may occur. Suspicion leads to diag-

nosis by bronchoscopy and radiography.9,10 A description is included at the end of this chapter of the rare

entity of bronchoesophageal fistula, both congenital and acquired.

Clinical Presentation and Diagnosis

Benign Fistula. If a fistula develops in a patient on a respirator, a sudden increase in secretions is often

noted as saliva enters the airway. It becomes difficult to maintain a seal with the cuff. Pulmonary infiltrates

and pneumonia follow. Respiratory insufficiency may worsen. Cough follows swallowing. With ventilation,

air may be heard escaping into the pharynx and the abdomen may become distended. Gastric feedings may

appear on tracheal suctioning. Gastric reflux into the lungs can be disastrous and eventually fatal. If the

patient is receiving oral feedings, these will appear in the tracheal suctioning.

Chest x-ray commonly shows the esophagus to be dilated distal to the fistula and the stomach may be

dilated (Figure 12-3). A swallow of water stained with methylene blue will appear in the tracheostomy. This

test is to be interpreted with caution since aspiration of dye into the larynx produces the same result.

Fluoroscopy by an experienced radiologist, with ingestion of a small amount of barium, usually delineates

the level and approximate size of the fistula (Figures 12-4, 12-5).

The fistula may be visible directly through a tracheostomy if it is present. Bronchoscopy should be

done promptly if a fistula is suspected. In a patient who is on a respirator, a flexible bronchoscopy may be

performed through an endotracheal tube, which is withdrawn just sufficiently to allow visualization of the
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FIGURE 12-2 Postmortem specimen of the tra-
chea of a patient on long-term ventilation
through a tracheostomy tube with a high-
pressure cuff. A large membranous wall fistula
has formed (arrow). The tracheal stoma is
superior. Note the circumferential cuff damage.
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fistula. The same may be done through a tracheostomy tube while continuing ventilation in both cases. Pas-

sage of a rigid ventilating bronchoscope via the larynx allows the best assessment of the entire airway and

locates the fistula relative to the cricoid and carina. The lengths of the fistula and of the normal airway are

measured. A postintubation fistula is usually clearly identifiable (Figure 12-6). If not, methylene blue in

saline may be instilled into the upper esophagus with the caution already noted to avoid overfilling and

aspiration. Esophagoscopy is less likely to offer a good view, especially of smaller fistulae. A postintubation

fistula usually lies a centimeter or two below the level of a tracheal stoma, since the fistula is located at the

cuff site (see Figure 12-1).

Chronic fistulae from other causes present with cough on fluid or food ingestion, pulmonary infec-

tion, and occasional hemoptysis. Contrast images and bronchoscopy are diagnostic but most important is

the clinician’s suspicion of a fistula. This is even more critical after severe chest trauma since a tracheo-

esophageal rupture may go unrecognized, or a fistula may be delayed in its formation, until life threatening

mediastinal sepsis is established.

Malignant Fistula. In an excellent review of 207 malignant esophagorespiratory fistulae, Burt and col-

leagues confirmed esophageal carcinoma as the primary neoplasm (78%).11 The tumors were located prin-

cipally in the upper thoracic esophagus and were principally squamous in histology. The incidence of fis-

tulization in this series of esophageal carcinomas was 4.5%. Lung cancer accounted for 16% of the

malignant fistulae, and in only 3 patients were tracheoesophageal fistulae related to primary tracheal neo-

plasms. Other neoplasms that were associated with a tracheoesophageal fistula were Hodgkin’s disease,

metastatic breast cancer, and laryngeal carcinoma.12,13

All patients with carcinoma of the upper- or midesophagus should undergo bronchoscopy in their

initial work-up. If an abnormality is identified between the trachea and esophagus radiographically, on

FIGURE 12-3 Roentgenogram of a patient with postintubation tracheoesophageal fistula. A, Note the distended esophagus, typical of this condition.
Fistula is visible as a radiolucent circle. B, After repair, a normal tracheal air column is seen. Arrows mark the glottic level in both roentgenograms.
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FIGURE 12-4 Postintubation laryngotracheal stenosis with tracheoesophageal fistula (TEF) in a 56-year-old man. He had suffered cricoidostomy
and failed TEF repair prior to referral. A, Tomograms of stenosis. Anteroposterior view on the left shows a deformed larynx with maximum steno-
sis at the laryngotracheal junction. The lateral view on the right demonstrates a narrowed subglottic larynx, with the most severe stenosis just below
this (arrow) and above the stomal tract. B, Barium swallow in the same patient. The preoperative view on the left shows the fistula (arrow). On
the right is a postoperative view of the repaired esophagus. Laryngotracheal resection of the stenosis and reconstruction were performed at the same
time as closure of the fistula. There is no aspiration. Strap muscle was interposed between the two suture lines.
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computed tomography (CT) scan or, most definitively, by ultrasonography, an abnormality is likely to be

seen bronchoscopically; that is, compression, induration, granularity, or infiltration. If tumor is identified

or suspected, the possibility of a fistula may be anticipated. Cough, hemoptysis, fever, and aspiration all sig-

nal malignant fistulization. Bronchoscopy with the use of methylene blue and contrast esophagography will

show the communication. Esophagoscopy is often less definitive because of the bulk of tumor adjacent to

the fistula. The fistula may be tracheal (53%) or bronchial (38%), and a few are pulmonary (6%).11 Fre-

quently, the fistula follows prior radio- or chemotherapy, as might be expected, since treatment destroys

tumor which had previously destroyed normal tissue. Although the disease may well be localized rather

than disseminated at the time of manifestation of a fistula, progression of aspiration, pneumonia, lung

abscess, and asphyxiation can be rapid. The clinical course typically is measured in weeks and months.

Management

It hardly needs to be said that major efforts must be made in all of these patients to clear up local and pul-

monary sepses and to improve nutrition prior to surgical procedures. Benign fistulae not related to ventilation

are individually managed depending on their cause, size, location, and degree of surrounding pathology. Cer-

vical (with the possibility of partial upper sternal division) or, less frequently, right transthoracic approaches

are used, depending upon the level of the fistula (Figure 12-7). Only a supracarinal fistula requires thoracotomy.

Principles of closure of the TEF include complete dissection of the fistula, its division, effectively planned 

FIGURE 12-5 Small chronic upper tracheoesophageal fistula in a 66-year-old woman resulting from foreign body ingestion at age 8, which when
she was age 25 was endoscopically removed by Dr. Chevalier Jackson. A, The upper arrow in the contrast esophagogram indicates the crico-
pharyngeus, and the lower arrow indicates the fistula, in anterior view. B, Lateral view; fistula is indicated by the arrow.
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membranous wall suture closure which is tension-free, and two-layered esophageal closure (see Chapter 26,

“Repair of Acquired Tracheoesophageal and Bronchoesophageal Fistula”).14 Recurrent fistulization is avoided

by interposition of healthy pedicled tissue (such as a strap muscle in the neck or intercostal muscle in the chest)

between the tracheal and esophageal suture lines. The technique of borrowing adjacent esophageal wall to facil-

itate closure without tension is also discussed in Chapter 26, “Repair of Acquired Tracheoesophageal and

Bronchoesophageal Fistula.” Recurrent laryngeal nerves must be carefully avoided. If the fistula is of any extent,

the trachea may be best and most safely managed by resection of the segment containing the fistula, with end-

to-end tracheal anastomosis after esophageal closure, even if circumferential tracheal damage is not present.

Post-traumatic fistulae may be extensive, accompanied by mediastinal injury and infection. Decision

on therapy in these injuries must be individualized (see Chapter 9, “Tracheal and Bronchial Trauma”). In

the most severe and delayed post-traumatic cases, esophageal exclusion may have to be considered, an alter-

native that is usually unnecessary in other types of TEF.14 Surgical technique is described in Chapter 26,

“Repair of Acquired Tracheoesophageal and Bronchoesophageal Fistula.”

Postsurgical fistulae following esophagectomy are treated with respect to the location and size of the fis-

tula, the presence or absence of necrosis in the neoesophagus, mediastinitis, and the severity of symptoms.

Treatment may range from drainage with conservative management, local tissue excision with buttressed clo-

sures, to removal of the neoesophagus, and reconstruction of a new esophageal replacement, possibly in stages.4

Esophagorespiratory fistula due to necrotizing esophagitis, from infection in immunocompromised

patients, requires esophagectomy.8

An attempt to close a postintubation fistula in a patient who is still on a respirator is almost certain to

fail. Prolonged ventilation after tracheal reconstruction is likely to encourage dehiscence or stenosis. These

patients are best managed conservatively, with every effort made to wean them from mechanical ventilation

to permit later definitive surgical repair. If an esophageal tube is present, it is withdrawn. If possible, the tra-

cheostomy cuff is situated just below the fistula, using as little pressure as possible to obtain a seal. A drain-

ing gastrostomy is positioned to avoid aspiration of gastric contents and a jejunostomy is placed for feeding.

The head of the bed is kept in an elevated position. Vigorous efforts are made to clear any pulmonary infec-

tion. Under this regimen, the situation usually improves quite rapidly. The small amount of saliva that con-

tinues to trickle into the respiratory tree seems to be handled comparatively well with the help of frequent
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FIGURE 12-6 Bronchoscopic view of postintubation
tracheoesophageal fistula. Note the large size of the
membranous wall defect and also that there is circum-
ferential tracheal damage at the level of the fistula.
Normal tracheal rings are visible distally. One-stage
repair was done with esophageal closure and tracheal
resection and reconstruction. Also, see Figures 31 and
32 (Color Plate 15).
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tracheal suctioning. Esophageal diversion is almost never necessary. If it is required under highly unusual cir-

cumstances and is feasible, a disconnecting procedure is preferred to in-continuity esophagostomy. The

proximal end of the esophagus is brought out laterally (left neck) as a salivary fistula and the distal end

turned in with care. Since most of these fistulae are high in location, the point of division should be imme-

diately above the fistula to simplify later reconstruction by leaving sufficient proximal esophagus. More often

FIGURE 12-7 Chronic fistula due to foreign body ingestion in childhood shown in Figure 12-5. Endoscopic findings and treatment. A, Bronchoscopic
visualization of the small fistula (arrow) demonstrated in Figure 12-5, due to foreign body erosion. Compare this with the postintubation tracheo-
esophageal fistula in Figure 12-6. B, Esophagoscopic view of the same fistula (arrow). The small lesion is difficult to see in the esophageal folds.
C, Right cervical operative exposure. The diagram clarifies the anatomy. A Penrose drain passes beneath the fistulous tract, which emerges from the
posterolateral wall of the trachea on the right. Sutures have been placed in the tract closer to the esophagus (on the left) to leave more tissue for clo-
sure of the tracheal wall. The vascular loop passes beneath a nonrecurrent right inferior laryngeal nerve. This was critical since the left nerve had
been injured in a prior failed attempt at another hospital to close the fistula from the left side. The right lobe of thyroid is retracted with a heavy
suture at the left. Pedicled sternohyoid muscle was interposed between the tracheal and esophageal suture lines.

A

B

C



than not, however, the fistula is located so close to the cricopharyngeus that exteriorized esophagostomy is

impossible. The lower end of the esophagus at the gastric inlet should not be ligated, stapled, or divided.

Continuous suction on the gastrostomy is usually sufficient to protect the trachea from reflux of gastric

juices. The gastrostomy also serves to keep the stomach from becoming distended.

After weaning, surgical correction includes closure of the esophageal fistula in layers, resection of the

circumferentially damaged tracheal segment and its reconstruction, plus interposition of viable tissue

between the two suture lines. This is all performed in a single stage (Figure 12-8).15,16 Even though the

transverse tracheal anastomotic suture line and the vertical esophageal suture line may be at different lev-

els, it always seems safer to use an interposition flap, as described. I have seen no difficulties arising from

these flaps. The precise technique of repair and methods of dealing with special technical problems are

detailed in Chapter 26, “Repair of Acquired Tracheoesophageal and Bronchoesophageal Fistula.” In rare

cases where the tracheal injury is too long to permit tracheal reanastomosis, the esophagus is closed

nonetheless to eliminate the fistula and tracheal patency, and function is restored with a permanent T tube.

If laryngotracheal stenosis is present, that is managed in the usual way for such lesions after closure of the

esophagus (see Figure 12-4) (see Chapter 25, “Laryngotracheal Reconstruction”).

In the past, it was recommended by some authors that the esophageal aperture be closed in an initial

operation, and that any tracheal process be dealt with at a second procedure.2 There is no justification for

this approach.14–16 Not only does the tracheal lesion require resection in any case, but both the proposed

initial and later operations become much more difficult if staged.

Malignant fistula is most often best treated by palliative bypass intubation, given the patient’s lim-

ited expectation for life. Exclusion of a segment of fistulized esophagus, with concomitant intestinal

bypass of the esophagus, is only very rarely advisable either in a patient in very good condition or in
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FIGURE 12-8 Operative repair of postintubation tracheoe-
sophageal fistula (TEF). At this stage, the circumferentially
damaged segment of trachea wherein the TEF was located
has been resected. An Allis forceps elevates the proximal end
of trachea. The esophagus, held in forceps, is ready for
meticulous closure. Sutures identify the proximal and distal
margins of the defect. Tracheal anastomosis will then be
done, after pedicled sternohyoid muscle interposition over
the esophageal suture line. (See Chapter 26, “Repair 
of Acquired Tracheoesophageal and Bronchoesophageal 
Fistula,” for operative details.)
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one with a rare slow-moving tumor of unusual type. An intermediate alternative of intubation with

partial exclusion by esophagostomy and with gastrostomy plus jejunostomy (for prevention of aspira-

tion and for nutrition) may be considered, with the possibility of a later restitution of gastrointestinal

continuity by substernal gastric or colonic transposition. Duranceau and Jamieson carefully reviewed

these options in 1984, and Burt and colleagues described their experiences in 1991.11,17 In a terminal

and debilitated patient, abstinence from any intervention may be the kindest therapeutic choice. If intu-

bation through the tumor is elected, pulsion rather than traction (via a gastrostomy) seems to be the

best palliative maneuver. Intubation techniques are not without morbidity and mortality. Tubes must

be of impervious material or be coated if of an expandable type, in order to prevent prompt ingrowth

of tumor through interstices.

In 1920, Kirschner used the stomach anastomosed to the cervical esophagus to bypass a malignant

fistula.18 Many variations have since been employed, using the stomach, jejunum, and colon for interposi-

tion as well as extracorporeal synthetic tubes. An esophagus excluded above the fistula, and below by 

occlusion of the gastroesophageal junction, has too often produced copious secretions, leaked, or ruptured.

A residual esophagus should therefore be drained with a loop or arm of jejunum if left in situ. A preferable

technique is to divide the esophagus just below the fistula as well as above, creating a smaller “diverticulum”

at the fistulous site, and excise the distal esophagus (via a transhiatal approach). The stomach and colon are

the favored gastrointestinal replacement conduits, and are placed substernally (see Chapter 26, “Repair of

Acquired Tracheoesophageal and Bronchoesophageal Fistula”).11,17,19 Each patient must be carefully evalu-

ated and treatment individualized, bearing in mind that any treatment will at best be palliative and usual-

ly for a short term. If radical treatment is to be offered, it should be instituted promptly.

Results

Benign Acquired Fistula. The difficult problem of treatment of a benign acquired tracheoesophageal

fistula, and the particularly threatening one of fistula due to intubation and ventilation, may be success-

fully managed for the most part by attention to the principles stated and using the techniques detailed

in Chapter 26, “Repair of Acquired Tracheoesophageal and Bronchoesophageal Fistula.” The relatively

few reports of any number of patients treated in accordance with these principles, which were enunciat-

ed by Grillo and colleagues in 1976, are all encouraging.15 Couraud and colleagues, Dartevelle and 

Macchiarini, and Mathisen and colleagues, in a total of 78 patients, summarized by Dartevelle and 

Macchiarini, performed simple closure of fistula in 29, closure with tracheal resection in 44, and 

diversion in only 5 patients.14,20,21 Recurrences of TEF were at the rate of 6.4 to 8.3% and mortality at 6.3

to 12.5% (Table 12-1). Macchiarini and colleagues commented on the superiority in their experience of

Table 12-1 Results of Operative Repair of Postintubation Tracheoesophageal Fistulae (TEF)

Type of Operation

Number of Simple TEF Mortality

Author Patients Closure TR + EC ED Recurrence (%) (%)

Mathisen et al14 38 9 29 0 3 (7.9) 4 (10.5)

Couraud et al20 16 9 5 2 0 1   (6.3)

Dartevelle and Macchiarini21 24 11 10 3 2 (8.3) 3 (12.5)

Total 78 29 44 5 5 (6.4) 12 (10.3)

Data from Dartevelle P and Macchiarini P.21

EC = esophageal closure; ED = esophageal diversion; TR = tracheal resection.



the anterior approach as well as the definitive single-stage repair by our technique over other types of

surgical repairs of varying complexity.15,22

In our series of 38 patients, 27 TEFs resulted from ventilation, 5 from laryngotracheal trauma, 2 from

anterior spine fusions, and 2 from irradiation after prior laryngectomy for cancer.14 Foreign body and pos-

sible congenital origin accounted for 2 more. Eight had one or more prior failed repairs, 7 had esophageal

diversions, 3 had occlusion of the esophagogastric junction, and 1 had colon interposition. Approaches

were by collar incision in 26, partial sternotomy in 10, and complete sternotomy or lateral thoracotomy in

a few patients with special problems. Tracheal resection was done in 31 patients and laryngotracheal resec-

tion and reconstruction in 5. Laryngeal release was necessary in only 2 patients. Where there was insuffi-

cient tracheal mucosa for tracheal closure, adjacent esophageal mucosa was borrowed (see Chapter 26,

“Repair of Acquired Tracheoesophageal and Bronchoesophageal Fistula”). In a patient where there was

insufficient length of trachea for reconstruction, the TEF was closed, the repair buttressed, and the airway

reestablished with a permanent T tube. Prior cervical esophagostomy necessitated end-to-end esophageal

anastomosis in 5 patients.

Three deaths followed transthoracic repair of distal fistulae in the face of mediastinal sepsis (due to

trauma), and 1 patient died from dehiscence after an extended tracheal resection. Two patients had suc-

cessful reoperation for recurrent TEF and one healed a further small recurrence spontaneously. Two

patients needed temporary tracheostomy. Postoperative aspiration in some patients gradually resolved.

Thirty-three of 34 operative survivors were successful. Three of 4 with vocal cord problems had these con-

ditions prior to operation.

These outcomes of success in patients, many made more complex by prior failed surgery, indicate

that generally successful results can be obtained in this difficult group of patients. Clearly, esophageal diver-

sion is almost never necessary and, equally clearly, a single-staged procedure is indicated where tracheal

injury accompanies the TEF. Closure of a fistula should be accomplished after a patient has been weaned

from the respirator.

Malignant Fistula. In their review, Duranceau and Jamieson cited complication and mortality rates in the

order of 28 to 38% and 6 to 17%, respectively, for “push through” palliative intubation.17 Control of aspi-

ration pneumonia is not universal and does not last as the disease progresses. Early death still occurs in

many patients, although with the best results, symptoms are controlled for a time and oral ingestion

becomes possible. There is no clear-cut advantage to the older “pull through” method; it has the disadvan-

tages of another procedure and probably more complications.

Burt and colleagues found a median survival of 5 weeks (35 days) in 207 patients receiving all modes

of treatment.11 The primary neoplasm and location of the fistula were not determinants of survival. Spe-

cific treatment extended the median survival from 22 to 47 days. Endoprosthesis did not alter the median

survival. Supportive care included all minor methods but not functional exclusion of the fistula.

Chemotherapy and radiotherapy alone led to slightly longer survival, probably by eliminating the negative

effects of procedures. Esophageal exclusion alone was no better, but gastric or colonic bypass, done in a

small number of patients, increased survival to a 77-day median, a significant but not overwhelming

improvement in exchange for very extensive surgery. The overall 30-day mortality was 46%. Pulmonary

sepsis was the principal cause of death in over 80%, with bleeding in 12%.

Bronchoesophageal Fistulae

Bronchoesophageal fistulae (BEF) are rare lesions, either congenital or acquired. The congenital fistulae can

be insidious and may go unrecognized for years. They are more frequently recognized in the adult than in

the child. Diagnosis of both congenital and acquired lesions depends upon a high index of suspicion.

Acquired Tracheoesophageal and Bronchoesophageal Fistula 351



352 Surgery of the Trachea and Bronchi

Congenital Bronchoesophageal Fistula

Braimbridge and Keith classified BEF into four types (Figure 12-9).23 Type I seems to result, at least some-

times, from inflammatory changes in an esophageal diverticulum, which then secondarily fistulizes to a

bronchus. Although some diverticula are undoubtedly congenital, traction diverticula are also likely repre-

sented in this group of lesions and the fistula itself may not therefore always be of congenital origin.

Nonetheless, I retain their classification of “congenital” BEF’s. Type I presents with a small fistula, at times

inflamed, at the tip of an esophageal diverticulum. Type II is a simple fistula extending from the esophagus

at an upward angle to a bronchus. This is by far the most common type. Next in incidence is type III, where

the fistula connects to a cyst in the lung and thence to bronchi. Type IV is a fistula to a sequestrated lung,

which is supplied by a systemic artery. The tract runs most commonly from the middle third of the esoph-

agus, and less often from the lower third to the right lower lobe (either segmental or lobar bronchus), while

half as often to the bronchi of the left lower lobe and in diminishing frequency to the bronchus inter-

medius, left main bronchus, right middle lobe, and right upper lobe bronchi. In a review of 100 cases

reported up to 1990, Risher and colleagues found only 5 cases of type III and 3 of type IV.24 Congenital fis-

tulae are characterized by lack of inflammation, absence of adherent or inflamed lymph nodes, and a tract

lined with squamous or columnar mucosa with adjacent muscularis mucosa.

Clinical Presentation and Diagnosis. Distribution of patients is about equal for males and females, with

75% of patients over 17 years of age. Paroxysmal cough, cough on ingestion of food especially after liquids,

frequent respiratory infections, hemoptysis, and hematemesis are found.25–27 Symptoms may be largely of

cough and respiratory infection for many years, leading to a delay in diagnosis from 5 to 30 years. Retro-

spectively, a long history is usually identified. Delay in appearance of severe symptoms has been attributed

to the oblique course of the tract and to its possible initial obstruction either by a thin membrane, which

later ruptures after inflammation, or to a mucosal flap valve in the tract. Marked delay in the discovery of a

fistula can lead to death from recurrent pulmonary suppuration. Treatment is therefore urged as soon as

diagnosis is made.

Diagnosis is made by contrast esophagography (Figure 12-10) and bronchoscopy, sometimes with

methylene blue instillation into the esophagus. Esophagoscopy is less often definitive. Insufflation of gases

into the trachea during esophagoscopy may aid in pinpointing a tiny fistula. Contrast should be introduced

for esophagography with the patient in a position where cough ordinarily follows oral ingestion, rather

than with the patient in a recumbent position. CT scan helps to assess pulmonary damage.

FIGURE 12-9 Braimbridge and Keith’s classification of congenital bronchoesophageal fistula: type I, wide neck diverticulum with inflammatory
fistula at tip; type II, simple fistula, the most common type; type III, fistula with cyst; type IV, fistula with sequestration of lung.23



Treatment. Despite a few reports of alternative treatments, surgical excision of the tract and closure of the

fistula at either end is the best choice (Figure 12-11). Right or left thoracotomy is selected according to the

location of the fistula. Two layers of 4-0 Vicryl sutures are advised for closure of the esophageal end, or one

layer of staples with a sutured second layer. One layer of Vicryl is used on the bronchial side. A substantial

flap of healthy tissue, such as a pericardial fat pad or intercostal muscle, is pedicled between the two suture

lines. Simple stapling without division of the tract is likely to result in recurrent fistula. Any irremediably
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FIGURE 12-10 Contrast esophagogram demonstrating
congenital bronchoesophageal fistula (arrow) in a 
65-year-old woman. The fistula opened into the left lower
lobe bronchus just medial to the superior segmental
bronchus.

FIGURE 12-11 Operative repair of type I congenital
bronchoesophageal fistula via left thoracotomy. A Penrose
drain encircles the dissected fistula and esophageal diver-
ticulum. The esophagus is at the left, the lung at the right.
The diverticulum was excised, both sides of the channel
sutured, and intercostal muscle pedicled between.
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injured portion of lung is resected at the same time. This has been necessary in many cases. Results of treat-

ment are generally excellent.

Acquired Bronchoesophageal Fistula

Bronchoesophageal fistula can result from trauma or infection or rare additional causes.1,28–30 Blunt chest

trauma has produced a BEF, although the cervical or supracarinal trachea is more likely to be a locus of post-

traumatic esophagorespiratory fistula than a bronchus. Instrumentation (such as variceal sclerosis), chemical

burns (lye ingestion), and foreign bodies have all been implicated. Infectious agents associated with fistula

include tuberculosis, histoplasmosis (Figure 12-12), actinomycosis, and syphilis. Often, these are associated

with inflammatory lymph nodes or broncholithiasis. Nontuberculous empyema, suppurative esophagitis, and

infected bronchogenic cysts are other etiologies. Fistula has also been associated with traction diverticula

related to lymph nodes. Fistulae have occurred due to necrotizing vasculitis and silicotic nodules.1,28–30

Clinical presentation, diagnosis, and treatment are much the same as described for congenital BEF.

Results of surgical treatment are very satisfactory (Figure 12-13).28–30 Since more inflammation may be

encountered, and more dissection may be necessary to remove involved lymph nodes than in uninflamed con-

genital fistulae, I favor interposition of an intercostal muscle flap in these cases. The flap is raised at the time

of initial thoracotomy. An associated esophageal diverticulum is resected and the esophagus repaired in two

layers. Concomitant pulmonary resection is dictated by irretrievable lung damage from chronic infection.

In our series of 9 patients collected over 41 years, 4 followed thoracic surgery, 3 were due to histo-

plasmosis, and 1 each were due to silicosis, foreign body, lye ingestion, bronchogenic cyst, and esophageal

diverticulum, respectively.30 One BEF was congenital. The patient with lye ingestion succumbed. There

were no recurrences after successful surgical closures, performed as described above. During this same peri-

od of time, 215 patients were recorded with BEF due to bronchogenic or esophageal malignancy.

FIGURE 12-12 Bronchoesophageal fistula due to histo-
plasmosis. (Courtesy of Dr. Delos M. Cosgrove III.)
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FIGURE 12-13 Acquired bronchoesophageal fistula due to
broncholithiasis from silicosis involving mediastinal lymph
nodes. A, Barium swallow demonstrates a fistula (arrow)
from the esophagus to the bronchus intermedius. B, Com-
puted tomography section shows irregular thickening of the
esophageal wall (arrow) and a calcified lymph node pro-
truding into the bronchus intermedius (arrow).A
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Prevention of a Tracheal-Arterial Fistula
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A fistula between the trachea and brachiocephalic (innominate) artery is a rare complication either of tra-

cheostomy, most often in conjunction with ventilatory support,1,2 or of tracheal reconstructive surgery,3,4 or

exenteration. External trauma can rupture the artery, produce a false aneurysm or, less often, result in fis-

tula to a lacerated trachea.

Post-Tracheostomy Fistula

Two types of tracheoarterial fistulae occur from tracheostomy. The first is due to erosion of the artery

lying immediately beneath the curve of the tracheostomy tube. The second is caused by erosion of the

anterior tracheal wall into the artery by either the cuff or the tip of the tracheostomy tube. The two

lesions must be kept clearly in mind, since the emergency and definitive management of each is different

(see Figures 27-1 through 27-3 in Chapter 27, “Repair of Tracheobrachiocephalic Artery Fistula”). Fortu-

nately, the incidence of both of these potentially disastrous lesions has diminished, the first by avoiding

errors in the technique of tracheostomy, and the second because of development of large-volume, low-

pressure cuffs and their correct usage.

Erosion by a Tracheostomy Tube 

In children and younger adults, hyperextension of the neck delivers half or more of the trachea into the

neck, and the brachiocephalic artery also rises into the base of the neck. If tracheostomy is made with ref-

erence to the sternal notch, as was taught in the past, the stoma will be in the midtrachea and will lie just

above the artery. The combined thrust of the respirator on the tube, failure to suspend the tube, and arter-

ial pulsation can rapidly lead to arterial erosion by the elbow of the tube. The point of hemorrhage will be

at the inferior margin of the stoma. In an emergency, digital pressure is applied at this point to control hem-

orrhage. Pressure is directed downward and forward against the sternum (see Chapter 27, “Repair of

Tracheobrachiocephalic Artery Fistula”). The fistula may occur surprisingly soon after tracheostomy has

been done, sometimes in days, although more often in weeks.
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This catastrophe is prevented by correctly locating the tracheostomy at the level of the second and

third tracheal rings, using the almost-always palpable cricoid as a landmark. It makes no sense to use the

fixed point of the sternal notch with respect to a movable structure, the trachea. In a much less common

situation, the uppermost trachea may be nearly contiguous with the brachiocephalic artery in an aged

patient with marked kyphosis and very limited cervical extension.

Erosion by a Tracheostomy Tube Cuff or Tip 

If a tracheostomy is correctly located at the level of the second and third rings, the ventilating cuff or tube tip

very often lies behind the point where the brachiocephalic artery crosses the trachea, at about the ninth tracheal

ring. If high-pressure cuffs are used, circumferential erosion is sometimes accompanied by sufficient anterior

tracheal damage to produce a tracheoarterial fistula. Most often, these lesions follow prolonged ventilation. Less

often, a tracheostomy tube that is angulated forward eccentrically, probably due to the distorted way in which

a high-pressure cuff might expand, erodes the tracheal wall at this critical point (Figure 13-1). A 90˚ tra-

cheostomy tube is more likely to be thus angulated. Although we continue to see concentric cuff injury by large-

volume cuffs used in a high-pressure range (by overinflation), extreme anterior damage seems to occur only

rarely nowadays. In these patients, hemorrhage occurs directly into the trachea at a point not accessible to the

finger. Emergency control must be obtained by tamponade, by overinflating the tracheostomy tube cuff. An

endotracheal tube with an overinflated cuff is more satisfactory since it can be positioned more easily. Man-

agement of a post-tracheostomy arterial fistula and of the trachea is detailed in Chapter 27, “Repair of Tra-

cheobrachiocephalic Artery Fistula.” Large-volume, low-pressure cuffs prevent most such injuries nowadays.

Postoperative Fistula

Early in the development of tracheal reconstruction, postoperative hemorrhage from the brachiocephalic

artery occurred too frequently.3,4 Since cuff stenosis often lies at the level of the artery, the vessel was fre-

quently dissected free from scar and the tracheal anastomosis made immediately behind it. Local infection

or erosion at this point of confluence could lead to bleeding. Suture material, a foreign body, probably con-

tributes. One surgeon, who formerly used fine wire for an anterior tracheal anastomosis, attributed some

fistulas to abrasion by this unyielding material. Anastomotic dehiscence after tracheal reconstruction, most

often managed with subsequent intubation, may expose the artery in what is now an infected space.

If tracheal dissection is kept scrupulously close to the trachea and the artery is left undissected with

its local tissue investment intact, hemorrhage will almost never follow. When the artery must be dissected

because of adherence to tracheal scar, prior tracheal surgery, or in surgery for a neoplasm, it is advisable to

place viable tissue, such as an inferiorly based pedicle of sternohyoid muscle or thymus, between the tra-

cheal anastomosis and the overlying artery. The rarity of this complication is seen in its low incidence,

occurring in only five (1%) of 503 patients who had tracheal resection and reconstruction for post-

intubation lesions.5 These instances occurred early in our experience.

Late brachiocephalic hemorrhage has long been the bane of mediastinal tracheostomy and exentera-

tion. The artery would become exposed by failure of healing of the skin beneath the mediastinal tra-

cheostomy, sometimes abetted by the effects of prior irradiation. This has largely been prevented by omen-

tal coverage or, where indicated, by prophylactic division of the brachiocephalic artery, after preoperative

imaging and with intraoperative electroencephalographic monitoring (see Chapter 34, “Cervicomediastinal

Exenteration and Mediastinal Tracheostomy”).6

Innominate arteries or even aortic fistulae have resulted over the years from attempts to use tracheal

prostheses made of various foreign materials.3 Fixation points of Gianturco tracheobronchial stents have

also produced arterial fistulae. Both demonstrate the all too obvious surgical principle of avoiding pro-

longed pressure on vascular structures by foreign material.
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FIGURE 13-1 Tracheobrachiocephalic artery fistula due to anterior erosion by tracheostomy tube cuff. A, Operative field
after division and resection of a fistulous arterial segment. The forceps elevates the proximal brachiocephalic arterial stump.
The distal artery is visible to the right of the trachea, which exhibits a sizeable anterior defect. The endotracheal tube is vis-
ible in the defect. The brachiocephalic vein is retracted caudad with a Penrose drain.

A



360 Surgery of the Trachea and Bronchi

Diagnosis and Management

Bleeding immediately after a tracheostomy may result from incomplete hemostasis or from surgically

injured branches of cervical vessels. Fresh bleeding thereafter, in any amount, from a tracheostomy or from

a postoperative trachea should at once raise the question of innominate artery leakage. Bleeding from the

innominate is often massive at the outset. Premonitory minor or limited bleeding may occur however. Only

suspicion of the worst will lead to the prompt action necessary. Most instances of bleeding from a tra-

cheostomy are due to granulation tissue, superficial ulceration, or tracheitis. This, however, must be estab-

lished promptly by bronchoscopy. If bleeding ceases with overinflation of the cuff, a brachiocephalic artery

fistula is most likely present. If the hemorrhage is of any moment, the examination is best done in the oper-

ating room, with personnel and equipment at hand for instant major intervention. Rigid bronchoscopy is

advised, with the tracheostomy tube removed. If blood clot and anterior necrosis is observed, then opera-

tion is indicated even if bleeding has ceased at that moment. Examination by a flexible instrument through

the tracheostomy tube is unlikely to be satisfactory. Angiography can be of value in showing false aneurysm

or rupture but it is most often inapplicable in an urgent situation.

Both urgent and definitive surgical management of post-tracheostomy arterial fistula are detailed in

Chapter 27, “Repair of Tracheobrachiocephalic Artery Fistula.”7 Postoperative bleeding demands immediate

exploration with an endotracheal tube, placed so that the cuff may be tightly inflated at the anastomosis to

provide tamponade. The collar incision is reopened and complete sternotomy is added so that adequate

exposure is obtained for proximal and distal control of the brachiocephalic artery. Cooper preferred upper

sternotomy angled off into the right third interspace.8 This may help to avoid later sternal infection. Almost

without exception, the artery is best excised, both arterial ends closed with running vascular sutures and

covered with robust flaps of healthy tissue; that is, pedicled strap muscles, thymus, or omentum. If time

permits, electroencephalographic monitoring can be helpful. Neurologic sequelae or subclavian “steal” syn-

drome becomes vanishingly rare after division of the brachiocephalic artery, as long as the carotid–subclavian

B

FIGURE 13-1 (CONTNUED) B, The resected segment of circumferentially damaged trachea is at the left. The anterior fistula
is visible. The perforated section of the brachiocephalic artery is at the right. Both arterial ends were sutured closed and pro-
tected with thymus. A standard tracheal anastomosis was made.



junction is intact.2,9 We have preferred not to perform arterial reconstruction in these circumstances since the

field is contaminated and often infected. In a single case, a small arterial perforation was successfully excised,

arteriorrhaphy done, and the site sealed with muscle. In general, the danger of a repeat hemorrhage is high

after arteriorrhaphy, grafting, or simple ligation (versus suture closure) in this situation. If anastomotic sep-

aration has occurred after some days, tracheal reanastomosis is unlikely to succeed. The tracheal defect is

initially spanned with an endotracheal tube to be followed by a tailored, long T tube when ventilation is no

longer necessary. Later reconstruction may be possible. The tube is compartmentalized from the sutured

arterial stumps by the viable tissue placed over them.

The same principles of management, that is, arterial excision and tissue coverage, are applied to bleed-

ing after cervicomediastinal exenteration, but the event is rare because of the prophylactic steps now advised

(see Chapter 34, “Cervicomediastinal Exenteration and Mediastinal Tracheostomy”). The most likely source

of massive hemorrhage following a carinal reconstruction is the pulmonary artery. Routine interposition of

tissue over airway anastomoses has largely prevented this disaster (see Chapter 29, “Carinal Reconstruction”).

Results

Wright summarized the literature to show 70 survivors of operations for tracheo-innominate artery fistulae but

with only 40 surviving more than 2 months.10 Death is often related to the basic illness or its other complica-

tions. About 25% of patients who reach the operating room survive. As noted, neurologic problems are rare.

Prevention of a Tracheal-Arterial Fistula

Prevention of hemorrhage after a tracheostomy is accomplished by 

1) correct placement of the tracheostomy at the level of the second or third cartilaginous rings;

2) avoidance of sharply angled (90˚) and excessively rigid tracheostomy tubes;

3) checking the alignment of the tube in the trachea with a flexible bronchoscope at the completion of

tracheostomy. It is always advisable to have a variety of tracheostomy tubes available;

4) avoiding overinflation of tracheal cuffs. Check intracuff pressures routinely.

For prevention of hemorrhage after tracheal resection and reconstruction

1) do not dissect out the brachiocephalic artery unless necessary (adherence to trachea, prior surgery or

dissection for tumor);

2) interpose robust, vascularized tissue between the dissected artery and tracheal anastomosis (sterno-

hyoid muscle, thymus, omentum);

3) suture the sternohyoid muscle to the trachea over an artery if tracheostomy is anticipated, possibly

later postoperatively;

4) do not use prosthetic materials, especially in contact with major vessels.

For a description of prevention of a tracheal-arterial fistula in cervicomediastinal exenteration, see

Chapter 34, “Cervicomediastinal Exenteration and Mediastinal Tracheostomy.”
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In addition to clearly defined and relatively more common diseases of the trachea (ie, primary and sec-

ondary neoplasms, postintubation lesions, congenital and traumatic lesions), a wide variety of uncommon

conditions may be encountered. These lesions can be either intrinsic or extrinsic. Intrinsic lesions include

the following: 1) those due to specific infection, such as tuberculosis and histoplasmosis; 2) defined condi-

tions that affect other organs or tissues besides the trachea and bronchi, broadly characterized as inflam-

matory or infiltrative, but fundamentally of unknown etiology, including sarcoid, amyloid, Wegener’s gran-

ulomatosis, and relapsing polychondritis; 3) idiopathic laryngotracheal stenosis; and 4) a miscellany of

intrinsic conditions that present as deformation or malacia of the trachea. Extrinsic lesions, which cause tra-

cheal obstruction by compression, include goiter, tumors and cysts, congenital and acquired vascular

lesions, and mediastinal or chest wall displacement. Most of these two types of lesions are covered in this

chapter, except for malacia and extrinsic compression, which are presented in Chapter 15, “Tracheo-

bronchial Malacia and Compression.”

Infection

Tuberculosis

Tracheobronchial tuberculous infections seem to involve principally the lower trachea and/or main bronchi

(see Figure 37 [Color Plate 16]). Acute ulcerative tuberculous tracheitis is treated medically. Polypoid tissue

and then cicatricial stenosis may result as the tracheitis or bronchitis heals.1 This can occur despite adequate

treatment of the tuberculosis.

Typically, the fibrosis that results is circumferential and submucosal (Figure 14-1). The airway may

become extremely narrowed. Externally, the tracheal cartilages may appear to be intact, despite some peri-

tracheal fibrosis. These days, cavitary disease is not often present with a tuberculous stenosis, as it once was.

Primary parenchymal disease associated with endobronchial tuberculosis has been noted more in the lower

lobes in the form of bronchiectasis. The length and severity of stenosis varies. The degree of resolution of
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the frequently accompanying pulmonary lesions also varies, ranging from residual parenchymal scar to

lobar fibrosis or destruction (Figure 14-2). Tuberculous broncholithiasis is not often seen anymore. Rarer

still are tuberculous tracheoesophageal fistulae.2

If possible, active tuberculosis should be arrested before surgical resection and reconstruction is con-

templated. The linear extent of mature fibrous stenosis of the trachea and bronchi may be such that exci-

sion and reconstruction is not presently possible. This leaves the possibility of dilation and stenting. When

the stenosis is more limited in extent, surgical excision and reconstruction can be performed, with the like-

lihood of a good result. Such resections have included excision of the lower trachea and carina, isolated

resection of the left main bronchus, as well as sleeve lobectomies.3–5 Kato and colleagues, however, noted an

increased frequency of postanastomotic stenosis.5

In 2 patients operated upon for acute and severe airway obstructions, the resection necessarily

included a stenotic lower trachea, a stenotic right main bronchus, and a contracted and fibrotic right upper

lobe. The right bronchus intermedius was anastomosed to the side of the trachea after the left main

FIGURE 14-1 Tuberculous stenosis of lower trachea and right main
bronchus. The bronchial cross section (arrow) shows the lumen nearly
obliterated by circumferential fibrosis.

FIGURE 14-2 Complete specimen from Figure 14-1, consisting of stenosed
lower trachea and right main bronchus to the bronchus intermedius. The
right upper lobe was also densely fibrosed and removed in continuity.



bronchus had been joined end-to-end to the trachea (Figure 14-3). One patient with a fibrotic stenosis

recovered well. In the second patient, with markedly active disease, the healing failed and the patient died.

In the presence of active tuberculosis, obstruction must be managed other than by resection. This same dis-

tribution of disease and treatment has been described by others.5,6

Histoplasmosis

Histoplasmosis causes airway obstruction in several ways.7 Large fibrotic or calcified lymph nodes may

compress the main bronchi by forming what is well described as subcarinal histoplasmoma or mediastinal

granuloma (Figure 14-4). The center of this mass usually contains necrotic material. The periphery is char-

acterized by a considerable thickness of dense collagenous tissue. Enlarged lymph nodes and fibrosis may

compress the right or left main bronchi, and, in particular, the bronchus intermedius, at the level of the

large lymph node accumulation present around the middle lobe bronchus (Figure 14-5).7,8 Calcified lymph

nodes may also erode gradually into the carina, the right or left main bronchi, or the bronchus intermedius,

causing obstruction and hemoptysis from granulation tissue, as well as eventual protrusion of the calcific

node (Figure 14-6).

Histoplasmosis is now a principal cause of broncholithiasis, as tuberculous disease has receded (see

Figure 36 [Color Plate 16]).9 Intrinsic fibrosis of the wall of the lower trachea and one or both main

bronchi or of the right bronchial tree and bronchus intermedius may also occur, with accompanying

lymph node involvement (see Figure 35, Color Plate 16). Varying degrees of mediastinal fibrosis can pre-

sent (Figure 14-7). Pulmonary infection and fibrosis may follow bronchial obstruction, and hemorrhage
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FIGURE 14-3 Tomograms (retouched) of a 38-year-old woman with tuberculous stenosis seen in the surgical specimen in Figure 14-2. A, Lower tra-
cheal and right main bronchial stenoses are indicated by arrows. B, Postoperative study shows anastomosis of bronchus intermedius (arrow) to side of
trachea just above the end-to-end anastomosis of trachea to left main bronchus.

A B
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may accompany broncholithiasis. The granulomatous process may compress the adjacent esophagus to

some degree and even produce fistulae from the esophagus to the subcarinal or lobar lymph nodes or to

the airway itself (see Figure 12-12 in Chapter 12, “Acquired Tracheoesophageal and Bronchoesophageal

Fistula”).7,10 Inability to identify Histoplasma capsulatum from biopsy specimens in many patients has led

to conclusions that fibrosis is often not the result of active fungal proliferation but instead of hypersen-

sitivity reaction to the healing infection.11 Although not easily established, the interval between initial

infection and these later presentations appears to be of several years.

Patients present with cough (41%), dyspnea (32%), hemoptysis (31%), or recurrent postobstructive

pneumonia (23%). Pleuritic pain also occurs (23%).11 Forty percent of patients may be asymptomatic.

Superior vena cava syndrome is another presentation that may coexist with airway obstruction.

Computed tomography (CT) scanning with contrast has been of particular help in identifying the

extent of involvement (see Figure 14-7B). Skin tests are of no use, in view of the widespread sensitiza-

tion of the population in areas where the disease is endemic (up to 80%). Indeed, skin tests may be mis-

leading, by causing conversion of serologic tests. Serial complement fixation titers may be of value and

may help to determine the need for antifungal therapy in chronic states.12 Antigenuria may be present

in active disseminated infection. Organisms are most often demonstrated by silver methenamine stains

in pathological material rather than found in aspirates, even in the presence of bronchial erosion.

Although acute documented histoplasmosis is treated with amphotericin, the use of the drug has not

proved to be of benefit in late cases of fibrosis without demonstration of active organisms. The finding

of organisms may indicate the use of itraconazole or ketoconazole, which have less side effects than

those seen with amphotericin.

Fibrosis may be so severe and so dense that dilation finally becomes impossible (see Figures 14-7,

14-8). There may be no useful medical treatment at this stage. Large, obstructing subcarinal masses may

sometimes be removed by painstaking surgical excision, without the necessity of bronchial resection.

FIGURE 14-4 Magnetic resonance image showing bilateral compression of main
bronchi by a subcarinal mass due to histoplasmosis in a 35-year-old woman.
Extensive disease also encircles the bronchus intermedius. The lesion developed
radiologically in less than 5 years. This required removal of middle and lower lobes
in continuity with the subcarinal mass. The main bronchi were intact.

FIGURE 14-5 Bronchus intermedius constricted by dense
scar which envelopes cartilages, causing them to override.
Nodes at the origin of this bronchus are frequently involved.



A resulting bronchial opening, if very limited, may indeed be closed with only slight ultimate narrow-

ing of the bronchus. Small portions of the fibrotic wall of “histoplasmoma” may be left in place in the

mediastinum rather than incurring serious technical problems or creating an unreconstructible situa-

tion.7,8 James and colleagues essentially performed decortication of a severely stenotic trachea, which

produced lasting relief despite necessarily incomplete removal of fibrosis.13 Garrett and Roper noted

relief of vascular and bronchial obstructions by unroofing soft nodes, leaving the adherent fibrous cap-

sule behind.14 In their series of 94 patients, 13 had respiratory symptoms, with major bronchial nar-

rowing in 9 and compression in the other 4. Eleven patients had hemoptysis related to broncholithia-

sis. Postobstructive destruction of the middle and right lower lobe requires resection. The technical

procedure may be very difficult and often requires judicious placement of a proximal tourniquet on the pul-
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FIGURE 14-6 Mass of calcified subcarinal lymph nodes due to
histoplasmosis, with broncholithiasis of the left main bronchus.
A, Computed tomography scan showing a calcified mass. B, Tomo-
gram of the carina in the same patient. The arrow points to the
broncholith protruding into the bronchial lumen. C, The mass
excised with an attached intrabronchial extension. The bronchus
was closed longitudinally in this particular patient, which is not
always possible. Also, see Figure 36 (Color Plate 16).
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monary artery prior to proceeding with further dissection. The calcified lymph nodes often intrinsically

involve the wall of the pulmonary artery.

We reported bronchoplastic procedures for airway involvement as follows: sleeve lobectomy in 3

patients, carinal resection in 1, carinal pneumonectomy in 4, and sleeve resection of the right main

bronchus in 1.7 The organism was identified in 9 of 20 patients by staining. Despite the adjacent fibrosis,

the tracheobronchial anastomoses heal if there is not excessive tension. Dense cicatrization may involve a

proximal pulmonary artery, necessitating intrapericardial control. Full thickness esophageal involvement or

fistula is managed by careful layered esophageal closure, with firm buttressing of the suture line. Significant

collateral circulation from the pleura to lung, sufficient to cause severe hemoptysis, may occur, especially

where a pulmonary artery is occluded.11 Superior vena cava obstruction is also well recognized in this

process. Surgical intervention does seem to be advisable, even for asymptomatic mediastinal granulomas of

large size. Dines and colleagues found that 34% of their cases of mediastinal granuloma progressed to

FIGURE 14-7 Massive mediastinal fibrosis in a 57-year-old man who
had reached an extreme of incapacitating dyspnea. Prior thoracotomy
had failed and bronchial dilation proved impossible. A, Detail of chest
roentgenogram showing critical stenosis of the right main bronchus (right
arrow) and bronchus intermedius plus severe stenosis of the left main
bronchus (left arrow). B, Computed tomography scan demonstrating a
fibrocalcific mass at the carina in the same patient. C, Bronchoscopy
reveals near total obstruction of the right main bronchus and a tiny 
opening on the left.
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fibrosing mediastinitis within 2 years, a result at variance with others.10,11,14 In a study of 71 patients, Lloyd

and colleagues found no support for evolution of a mediastinal granuloma into mediastinal fibrosis.11

Trastek and colleagues advised surgical removal of broncholiths rather than bronchoscopic attempts

at removal, since pathologic involvement so often necessitated pulmonary resection.9 We concur in this

approach. The endoscopically visible broncholith is truly only the “tip of the iceberg.”
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FIGURE 14-7 (CONTINUED) D, Operative treatment. Right carinal pneumonectomy was necessary, with intrapericardial division of the pulmonary
artery, since calcification extended almost to the origin of the right pulmonary artery. Exposure was via a right thoracotomy. Recovery was unevent-
ful. E, Specimen shows calcific and anthracotic lymph nodes encased by dense fibrosis. The left main bronchus is at the left (arrow). F, Photomicro-
graph of dense keloidal fibrosis (hematoxylin and eosin stain). Many fibroblasts are seen on the left and thick bundles of collagen on the right. Histo-
plasma capsulatum was identified on silver methenamine stain.
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Other Infections

Nocardiosis was reported as a mass in the right main bronchus in an isolated case.15

A necrotizing mucormycosis that involves the trachea, carina, or bronchi, as well as the lungs, is seen

principally in diabetic patients and in patients who are immunosuppressed or undergoing chemotherapy,

particularly for lymphoma. Chronic renal failure and a history of organ transplantation are factors.16 Diag-

nosis is made on bronchial biopsy material by direct examination. Branching, nonseptate hyphae are noted

with necrosis, fibrosis, and vessel thrombosis. Cultures are difficult to obtain. Progression of the infection

from the bronchus may cause severe or fatal hemorrhage from pulmonary vessels.17 Secondary bacterial

infection also occurs in the lungs.

Prompt and very radical excision of the involved airway and lung, under the protection of vigorous

and prolonged treatment with amphotericin or other drugs, may save some of these patients.16,18 In a young

FIGURE 14-8 Intrinsic fibrosis of the airways often accompanies medi-
astinal processes due to histoplasmosis, as seen in Figure 14-7. Further
examples are shown here. A, Tracheal tomogram showing narrowed
trachea as well as mediastinal mass. Exploration had been previously
done. B, Section of a densely fibrotic stenosed trachea in another
patient. C, A carina similarly encased and invaded by fibrosis in
another patient.
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diabetic woman with destructive mucormycosis in the right lung, extensive disease involving the carina and

lower third of the trachea, and with infiltrates in the opposite lung, who was deteriorating on drug treat-

ment, an aggressive right carinal pneumonectomy and lower tracheal resection, combined with continued

medical treatment, led to resolution and complete recovery. Only a few instances of tracheal bronchial

mucormycosis are reported.19 In a review of reported patients, Brown and colleagues confirmed the favor-

able results of early surgical treatment, against a high fatality with medical treatment alone.17 Tedder and

colleagues compared a mortality of 68% for medical treatment versus 11% for surgical and medical treat-

ments.16 Similar results were obtained by Donahue and Wain.18

Diphtheria in childhood may be followed many years later by tracheal stenosis or laryngotracheal

stenosis; that is, involvement of the subglottic larynx as well as the upper trachea. Since most of the patients

who had this disease in infancy or in early childhood were treated with one or more intubations and tra-

cheostomies, it is difficult to determine whether the later stenosis is due to disease or to treatment. In sever-

al cases, the patient carried a tracheostomy for many years, later had it removed, and then appeared even later

with severe stenosis. These late stenoses, which in my experience most frequently involve the subglottic lar-

ynx as well as the uppermost trachea and which lie in the region of prior tracheostomy, may be recon-

structible. The anatomic and surgical considerations in such cases are the same as those for postintubation

stenoses. Diminishing occurrence of these cases undoubtedly reflects the success of immunization programs.

Scleroma (rhinoscleroma) is a rare disease, which may cause fibrosing changes in the nasopharynx,

larynx, and upper airways. In only 2% of cases does it occur in the trachea and bronchi.20,21 Scleroma is

related to infection by Klebsiella rhinoscleromatis. The organism is identified in biopsied material. The dis-

ease occurs in Mexico, Central and South America, Eastern Europe, the Middle East, India, and only occa-

sionally in the United States.

Scleroma is most common in the first three decades of life and in patients with poor nutrition. As the

disease appears and progresses, it is characterized by nasal obstruction, nasal deformity, hoarseness, epistaxis,

sore throat, and lip swelling.21 The tracheobronchial tree is kept open in these patients by repeated broncho-

scopies, while prolonged and repeated antibiotic treatments (streptomycin and tetracycline) are given. A tra-

cheostomy may become necessary. Glottic webs and subglottic scars may result as healing proceeds.

Although viral in origin, laryngotracheal papillomatosis is described in Chapter 7, “Primary Tracheal

Neoplasms,” because of its tumor-like appearance. Endobronchial Kaposi’s sarcoma is also described in

Chapter 7. Human immunodeficiency virus (HIV)-infected persons are also subject to endobronchial

tuberculosis, aspergillosis, non-Hodgkin’s lymphoma, and bacterial tracheitis.22

Idiopathic Stenosis

Cicatricial stenosis with a lesser inflammatory component, localized in the subglottic larynx and upper trachea,

occurs without known cause.23,24 This process is labelled idiopathic laryngotracheal stenosis (Figure 14-9). None of

these patients have been intubated for ventilation or have suffered external or internal trauma to the trachea. The

lesions are not congenital. There are no findings in this group of patients of associated mediastinal fibrosis or lymph

node involvement by any pathologic process. Few patients have histories or findings suggesting esophageal reflux

and aspiration. None have had specific or nonspecific tracheal infections, nor did they later develop manifestations

of systemic disease such as polychondritis, or amyloid. A few with stenosis due to Wegener’s granulomatosis con-

fined to the upper airway were initially misdiagnosed as idiopathic stenosis, prior to routine screening with an anti-

neutrophil cytoplasmic antibody (ANCA) test. In a series of 73 patients, 71 were female. Age distribution varied

widely from 13 to 74 years, but the disease was seen chiefly in the third, fourth, and fifth decades of life.24 Initial

symptoms of dyspnea on effort (in 52%) progressed to dyspnea at rest, with noisy breathing, wheezing, or stridor

(in 48%). The duration of symptoms prior to initial presentation varied between 4 months to over 30 years, with

the greatest number reporting 1 to 4 years of symptoms. Careful history is necessary to identify the often subtle
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onset of the earliest symptoms. Patients were frequently misdiagnosed as having asthma. It is essential to obtain

ANCA titer on every patient to rule out Wegener’s disease.25 Bronchoscopic biopsies are not diagnostic of either dis-

ease.Nasoseptal biopsies,on the other hand,may identify Wegener’s granulomatosis histologically.Prior to the 1993

report by Grillo and colleagues, only limited or individual case reports were available.23

Koufman, in a detailed study of the laryngeal effects of gastroesophageal reflux, noted that 30% of

otolaryngologic patients had pharyngeal reflux, as determined by a double pH probe technique.26 Seventy-

eight percent of patients with a laryngeal stenosis from any cause, but principally of postintubation origin,

showed pharyngeal reflux. Maronian and colleagues, using three to four port pH probes, with one posi-

tioned proximal to the upper esophageal sphincter, recorded a pH of less than 4.0 in 5 of 7 patients with

isolated idiopathic subglottic stenosis.27 No control data were presented, however, as has most often been

the case in assessing the significance of laryngeal gastroesophageal reflux. The significance of these findings

as indicators of possible cause for idiopathic stenosis remains uncertain. Fifteen of our patients had a his-

tory or symptoms of gastroesophageal reflux. It must be noted that none of our patients who were operat-

ed upon for idiopathic stenosis suffered later progression of stenosis.24 This would have been expected if

untreated reflux was an important etiologic factor.

In most cases, radiologic study showed a circumferential lesion of varying length, most often between

1 to 3 cm, centered at the junction between the cricoid cartilage and trachea (Figure 14-10). In 4 cases, the

subglottic larynx itself was not involved, but in another 69 cases, subglottic involvement was of varying

degrees of severity. The narrowing most often began shortly below the vocal cords and rapidly became a

more severe to maximal stenosis at approximately the cricoid level. Although the involvement might be

eccentric, it was always circumferential. Vocal cord function appeared normal. Longitudinal

roentgenograms brought out the extent of the lesion and its nature most clearly. Flow volume loops, as

expected, demonstrated extrathoracic fixed obstruction. Cultures obtained from biopsies and from surgi-

cal specimens showed nothing but the usual upper respiratory flora. Skin tests and serologic tests, done

FIGURE 14-9 Diagrams of typical distributions of idiopathic laryngotracheal stenosis. A, The lesion often impinges on the low subglottic larynx at
the level of the cricoid cartilage. A resection need remove only a small margin of the lower cricoid. B, A lesion that begins in the subglottic larynx and
extends to varying distances into upper trachea. Narrowing usually begins shortly below the vocal cords, but enough space remains below the glottis
for laryngotracheal resection and adequate primary anastomosis. C, In this case, the stenosis is more severe immediately below the vocal cords, with
the lumen, even at that level, being very narrow and possibly inadequate for anastomosis. Reproduced with permission from Grillo HC et al.23
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especially in the earlier patients, were negative for tuberculosis, coccidioidomycosis, histoplasmosis, and

blastomycosis. On bronchoscopy, the mucosa over the lesion appeared to be injected, and bled easily. Gran-

ulation tissue was uncommon (Figure 14-11). Ulceration was identified in only 1 patient. When these

patients presented, the diameter of the aperture ranged from 3 to 10 mm, with most lying between 5 to 7

mm. The trachea distal to the stenosis appeared normal (see Figure 33 [Color Plate 15]).

Since the origin of a laryngotracheal and upper tracheal idiopathic stenosis is not understood, and

since the entity had not been previously studied or followed over a long period of time, my initial approach

was conservative. Some lesions remained stable over the period of observation, but in others, the obstruc-

tion worsened, requiring frequent dilations. Linear extension was not seen, however. Seventy-three patients

have been subjected to surgical resection and reconstruction, with 4 cases involving the upper trachea, and

in 10 cases, a rim of lower cricoid cartilage as well. In 59 cases with subglottic laryngeal stricture as well, the

anterior portion of the subglottic larynx was removed and the posterior portion of the stenosis was man-

aged by laryngotracheoplasty, as described in Chapter 25, “Laryngotracheal Reconstruction” (Figure 

14-12). Thirty-six of these 59 patients required posterior laryngeal cricoid resurfacing with membranous

tracheal wall. Initially, a protective complementary tracheostomy was performed in patients requiring

laryngotracheoplasty. However, this was soon found to be unnecessary as a routine measure. Seven of 73

patients had temporary tracheostomies, but of the last 30 patients, only 1 required this. In 2 patients, in

whom the stenosis was extremely severe and extended upward to the undersurface of the vocal cords,

laryngofissure, excision of the scar, and resurfacing with buccal mucosa were performed. In 72 patients

Infectious, Inflammatory, Infiltrative, Idiopathic, and Miscellaneous Tracheal Lesions 373

FIGURE 14-10 Images of upper airway of a 50-year-old woman with typical idiopathic laryngo-
tracheal stenosis. A, Tomogram of the larynx and upper trachea. The false and true vocal cords
are well outlined at the top. The stenosis involves the subglottic larynx and uppermost trachea.
Compare with Figure. 14-9B. B, Computed tomography scan of the neck. The circumferential dis-
position of the stenosis lies within the ring of cricoid cartilage. Occasionally, the lesion is eccentric,
although still circumferential.
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FIGURE 14-11 Bronchoscopic findings. A, View through separated vocal cords, demonstrating the funnelled subglottic larynx, with the circumfer-
ential ring of a high idiopathic stenosis visible below. Correction required circumferential laryngotracheoplasty as described. B, Closer intralaryngeal
view affirms the circular nature of the stenosis. Its short length and the normal tracheal rings below are well seen. No granulation tissue is present
but the mucosa is easily abraded. Also, see Figure 33 (Color Plate 15).
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FIGURE 14-12 Laryngotracheal resec-
tion and reconstruction for idiopathic
stenosis, in a 55-year-old woman with a
3-year history of progressive symptoms.
A, Preoperative tomogram. The solid
arrow indicates the glottis; the open
arrow indicates the stenosis. B, Post-
operative tomogram. The arrow is at the
glottis. Vocal cords are symmetrical.
Note the slight indentation at the level of
the anastomosis. The patient continued
to do well 22 years after the operation.
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with proximal idiopathic laryngotracheal stenosis, who underwent operation and had long-term follow-up

(median 8 years), 19 (26%) attained excellent results in respect to voice and airway, 47 (64%) had good

results, and 5 had only fair results and required occasional dilation (Figure 14-13). One case with poor

result required at least annual dilation. In only this patient was there evidence of extension of the inflam-

matory process beyond that originally seen, suggesting a different process. Of the patients followed con-

servatively, none demonstrated spontaneous regression or regression in response to other treatments,

including systemic or local corticosteroids.

In light of our observations in 73 patients of 1) long-term good results from surgical treatment in

most, and 2) failure of recurrence or progression of the disease, it is difficult to understand the contradic-

tory results of Dedo and Catten, who reported relentlessly progressive disease and complete failure in their

7 patients treated surgically.28

Pathologically, fibrosis was generally circumferential and of even thickness. Preeminent was dense

collagenous fibrosis of keloidal type, which thickened the lamina propria of the trachea (Figure 14-14).23

Fibroblasts were relatively sparse. The surface epithelium usually showed squamous metaplasia. Inflamma-

tion was not prominent. Granulation tissue was also seen. Sometimes, this might well have been related to

prior dilations, lasering, or other treatment. Cartilaginous rings were intact and essentially normal. There

were no histologic characteristics to suggest a relapsing polychondritis, vasculitis, Wegener’s granulomato-

sis, or amyloid, and calcification or stainable organisms were not seen. The location, configuration, gross

appearance, and microscopic appearance of these upper airway stenoses are similar enough to suggest a

definable disease entity. The predominance of the disease in females deserves notice.

In idiopathic lesions that involve the subglottic larynx (and these are in the majority), airway narrow-

ing usually begins shortly below the vocal cords. It takes refined and experienced judgment to decide which

patients should be operated upon. A reasonably sized “atrium” is needed below the vocal cords to provide an

adequate luminal size for successful anastomosis. It should allow a luminal cross-sectional area of the air-

way, at least 50% of normal. The obliquity of the anastomosis helps to enlarge the new laryngotracheal junc-
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FIGURE 14-13 Functional results of reconstruction. Flow volume loops before and after operation, showing marked improvement in inspiratory
and expiratory flows. Reproduced with permission from Grillo HC et al.23
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tion. Contraindications to operation are a significant stenosis that begins within 5 mm of the glottis and, less

permanently, the presence of florid inflammation and/or granulation tissue in the stenosis. If the stenosis

reaches or nearly reaches the undersurface of the vocal cords, then treatment by periodic dilation may be the

best option. If florid inflammation and granulation tissue are present, the operation should be deferred. Peri-

odic mechanical dilation (see Chapter 19, “Urgent Treatment of Tracheal Obstruction”), with or without

local corticosteroid injection, permits temporizing for as long as is necessary.

Operative failure here would likely be complete and permanent, with scant opportunity for a second

repair. Furthermore, the recurrent laryngeal nerves are at risk in all of these patients. Results are also lim-

ited in many patients by a permanent slight weakness in the ability to project voice and in a diminished

ability to sing, which are common sequelae (42 of 67 patients with good to excellent surgical results) after

surgical reconformation of the larynx.

In a much smaller number of patients, a different stenotic process, also idiopathic, was encountered at

the supracarinal and carinal levels, which also involved the main bronchi (Figure 14-15). In another small

number of patients, a more inflammatory stenosing process would usually (but not always) spread over

time, to involve almost the entire trachea and main bronchi (Figure 14-16). In view of the persistently

anatomically localized nature of the upper idiopathic tracheal stenoses, it seems likely that these few cases

FIGURE 14-14 Pathologic findings in idiopathic
stenosis. A, Gross specimen, cross sections of trachea.
The dense fibrosis lies inside of intact cartilaginous
rings. B, Photomicrograph reveals keloidal fibrous
tissue, which replaces the lamina propria of the tra-
cheal mucosa. Inflammatory changes are found in
many near the mucosal surface, and frank granula-
tion tissue in a few (hematoxylin and eosin; ×125
original magnification).
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of more diffuse and sometimes progressively longer stenoses are of other etiology or etiologies. These few

patients did not show clinical or pathological characteristics of histoplasmosis.

Inflammatory or Infiltrative Lesions

A group of unrelated lesions are discussed here. Their only common feature is an alteration or infiltration

of tracheal and bronchial walls by non-neoplastic processes that are clinically well characterized, but are of

unknown cause. Idiopathic stenosis could well be included, in that it largely shows collagenous deposition

in the larynx and trachea.

Relapsing Polychondritis

Relapsing polychondritis remains a disease of unknown origin, characterized principally by inflammatory

degeneration of articular and extra-articular cartilages. It is believed to be an autoimmune disease, possibly a

reaction to type II collagen, and has been reported in association with Wegener’s granulomatosis, rheumatoid

arthritis, vasculitis, and systemic lupus erythematosus.29 The clinical course may be rapid or slow, and episod-

ic or progressive.30 Cardiovascular, renal, and neurologic manifestations occur later. A variety of other sys-

temic diseases have been seen in association as well.29 In those with a fully developed syndrome, the cartilage

Infectious, Inflammatory, Infiltrative, Idiopathic, and Miscellaneous Tracheal Lesions 377

FIGURE 14-15 Idiopathic stenosis of the distal trachea and carina in a 
62-year-old woman with a 10-year history of “asthma,” surgical correction
of a high tracheal stenosis, with finding of carinal stenosis a year later, the
duration of which is unknown. A, Tracheobronchogram showing stenosis of
both main bronchi (arrows). Oblique view. B, Bronchoscopic view of the
carina in this patient. C, Surgical specimen. Trachea was anastomosed end-
to-end to the left main bronchus. The right main bronchial stump was
implanted in the right wall of the trachea above the other anastomosis. The
result remained good.
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of the nose deteriorates, leading to a saddle nose, cartilages of the ears become thickened and inflamed, and

cartilages of the airways from the larynx to the segmental bronchi may be involved. McAdam and colleagues

collected reports of 159 patients with relapsing polychondritis, including 29 studied prospectively.31 In addi-

tion to the elements noted, these patients had inflammatory polyarthritis, nasochondritis, ocular inflamma-

tion, and cochlear and vestibular ear injuries. As the cartilage is destroyed by the recurring inflammatory

process, it is replaced by fibrous tissue. Initial airway obstruction is due to edema and inflammation before

the cartilage is destroyed and before airway collapse occurs. Fever, weight loss, and lethargy accompany the ill-

ness. The onset of symptoms is most frequently in the fourth decade of life, but may be seen much earlier. Ini-

tial presentation may be with hoarseness, loss of voice, and tenderness over the larynx and trachea. The lar-

ynx and proximal trachea are most commonly affected.32 The interval between first airway symptoms and

FIGURE 14-16 Other examples of unusual lower tracheal
and carinal stenoses of unknown origin. A, Bronchoscopic
view in a 72-year-old woman with a 15-year history of pro-
gressive dyspnea. Successfully treated by carinal resection,
anastomosis of the trachea to the left main bronchus, and
implantation of the right main bronchus into the side of the
trachea. B, Surgical specimen from a 55-year-old male with
stenosis of the lower trachea and carina. Dense collagenous
fibrosis is evident. C, Idiopathic stenosis of the left main
bronchus in a young woman. After initially good result
from a left main bronchial resection, she later developed
progressive stenosis from the carina upward. The entire tra-
chea became involved and she has been maintained by peri-
odic dilations. A similar patient eventually died from
obstruction.
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declaration of the disease’s characteristics may be prolonged. Age range at diagnosis is from 13 to 84 years, but

most are between 44 and 51 years of age. Men and women are affected equally.29,31 Fifty-six percent of patients

had evidence of respiratory tract involvement.31 Eleven of 14 patients who presented initially with respira-

tory involvement required a tracheostomy. An additional 58 patients later developed respiratory problems,

and 15 of them required a tracheostomy. Although the edematous and inflammatory processes may respond

to cortisone treatment, cartilaginous destruction continues. In McAdam’s series, 13 patients died of airway 

collapse or obstruction, and 4 more of pneumonia. The histologic picture is not absolutely characteristic of

any disease but may be suggestive. Specific diagnostic tests are lacking.

In a review of experience with 36 patients and study of 30 additional patients in 1998, Trentham and Le

found a similar prominence of auricular chondritis (92%), arthritis (48%), laryngotracheal symptoms (39%),

nasochondritis (33%), and ocular inflammation (25%), but in greater percentages than in earlier series.29

Audiovestibular problems occur in 6 to 9%. Delay between first symptoms and diagnosis averaged 2.9 years.

Radiography, including tomography, conventional and computed, show upper airway changes and

the latter lower airway changes (Figure 14-17). Dynamic studies may demonstrate collapse more clearly.

Pulmonary function tests, especially flow volume curves, offer a means of following the disease progres-

sion. Bronchoscopy, or any manipulation of the airway, must be done with a light touch to avoid inciting

further edema, inflammation, and acute obstruction.

In addition to treatment with corticosteroids, cytotoxic agents (such as cyclophosphamide,

methotrexate, and azathioprine) are used. Beyond tracheostomy, and a T tube for temporary relief in a few

with upper airway disease, there is no standard surgical treatment. The disease is too extensive and pro-

gressive to be managed by resection or reconstruction. When the larynx is severely involved, a tracheostomy

becomes necessary. If the disease progresses distally to involve the lobar and segmental bronchi, there is lit-
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FIGURE 14-17 Relapsing polychondritis. Tracheal tomo-
gram in a 28-year-old male with progressive dyspnea on
exertion. The trachea is diffusely narrowed to 12 mm from
just below the cricoid to carina. The left main bronchus is
also narrowed to 6 mm. Over 12 years, the narrowing
worsened. Computed tomography scan confirmed circum-
ferential narrowing, thickening, and calcification of tra-
cheal or bronchial walls. Subsequently, ear changes
occurred and biopsy of cartilage was consistent with
relapsing polychondritis.
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tle that can be done therapeutically at present. Pulmonary sepsis may follow diffuse bronchial collapse. Sur-

vival with medical treatment has improved some over the years.29

Sarcoid

Sarcoid (or sarcoidosis) is a systemic disease of unknown origin or origins, possibly an autoimmune condi-

tion. It demonstrates racial proclivity for blacks. Many organ systems may be involved, but almost always the

respiratory system. The condition is characterized pathologically by noncaseating granulomas. Sarcoid

varies in manifestations, severity, and outcome.33 In addition to nonspecific symptoms such as fatigue,

anorexia, weight loss, and fever, respiratory complaints may include exertional dyspnea, retrosternal chest

pain, and cough. Respiratory symptoms are prominent, but many patients are asymptomatic. The full spec-

trum of the disease will not be recounted here. The thoracic surgeon’s encounter is often in reply to the need

for mediastinal lymph node biopsy or bronchoscopic carinal biopsy, since both tissues are highly suscepti-

ble to sarcoidal granulomatous involvement. Nearly half of the bronchoscopic biopsies and more of the

mediastinal node biopsies will be positive, but other causes of noncaseating granuloma must be ruled out.

Sarcoid produces major airway obstruction in two ways: 1) by massive enlargement of mediastinal and

hilar lymph nodes, with compression and distortion of the airway; and 2) by intrinsic fibrotic change in the

wall of the trachea and bronchi (Figure 14-18).34 Endobronchial nodules may be present with or without vis-

ible or symptomatic bronchostenosis.35 Sarcoid may also cause hoarseness and, later, obstruction by laryn-

geal involvement. These changes are usually concomitant with parenchymal pulmonary changes. Airflow

limitation, wheezing, and stridor may be present in 10% of patients, although the usual functional defect in

pulmonary sarcoid is restrictive.35 When the walls of the trachea or main bronchi or both of these structures

are involved, the length of the stenotic segment may be long and the process progressive.

Because of the diffuseness of involvement and progression, these lesions are rarely amenable to resec-

tion and reconstruction. Periodic dilation will tide some patients over for a long time. As the tissues con-

tract by cicatricial evolution of the scarring, the hilum may be pulled upward and the left main bronchus,

in particular, takes on a sharp curvature beneath the aortic arch, making continued dilation increasingly

difficult. If both main bronchi are stenotic, the patient’s obstruction will mimic a fixed upper airway

obstruction clinically and on functional study.36 Sarcoidosis may also cause airway obstruction in the lar-

ynx by granulomas. This is usually associated with cutaneous disease, especially of the lupus pernio form.37

I prefer to use a rigid bronchoscope with Jackson bougies, or a small diameter Maloney bougie to

dilate a markedly angulated bronchus. Dilation has also been done via a flexible bronchoscope.38 There is

no clear proof of the efficacy of inhaled corticosteroids, or, for that matter, systemic steroids for major tracheo-

bronchial obstruction.

Wegener’s Granulomatosis

Wegener’s granulomatosis is a disease of unknown etiology characterized by granulomas, vasculitis, and

necrosis, which involves the upper and lower respiratory tract, kidneys, central nervous system, and other

organs. In 158 patients, 97% were white, the genders were equal in number, and 85% were over 19 years of

age.39 Typically, patients suffer serious consequences of the disease or its treatment (cyclophosphamide and

glucocorticoids). In 99 patients followed longer than 5 years, 44% had prolonged remissions, but 13% died

of the disease or treatment. Methotrexate has served as an alternative to cyclophosphamide and other drugs

will undoubtedly be used in the future.40 Sixteen percent of 158 patients treated at the National Institutes of

Health (NIH) had subglottic stenosis, about double the previously reported incidence.41 Subglottic stenosis

is more common in Wegener’s patients who are under 20 years of age. Some had limited disease, in that the

kidneys were not involved. The larynx alone may be involved without evidence of vasculitis in other sys-

tems.39,42 Patients with subglottic stenosis from Wegener’s granulomatosis present with symptoms of effort



dyspnea, hoarseness, cough, and discomfort in the throat. The local lesion is best defined by linear laryngo-

tracheal x-rays supplemented by CT or magnetic resonance imaging and by bronchoscopy (Figure 14-19).

Laryngeal biopsies may not be diagnostic. Adequate nasoseptal biopsies, however, are often helpful.43 The

ANCA is usually elevated and can be highly specific in diagnosis.25 In isolated lesions, the differential from

idiopathic stenosis and from early polychondritis may be unclear (see Figure 34 [Color Plate 15]).

Lebovics and colleagues found that 92% of 158 patients with Wegener’s granulomatosis had oto-

laryngologic manifestations, 25 with subglottic stenosis.41 Five responded to cytotoxic and steroid treat-

ments alone. Sixteen of 20 who had fixed subglottic stenosis were treated by dilation, laser resection, and

laryngotracheoplasty. Thirteen needed a temporary tracheostomy. Five underwent laryngotracheoplasty,

2 with microvascular reconstruction, using a rib graft with attached intercostal artery. An anterior and 

posterior cricoid split with cartilage augmentation was performed, with postoperative T tube stenting.

Nonoperative treatment was applied first, including repeated intralesional injections of Depo-Medrol.

Laser resection appeared to produce more scarring.
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FIGURE 14-18 Intrinsic bronchial stenosis due to sarcoidosis. A, Tomogram of
carina in a 30-year-old man with a 3-year history of repeated and persistent
pneumonia in the right lung, with collapse and fibrosis of middle and lower lobes
and air trapping in the upper lobe. The right main bronchus is severely narrowed
and cut off distally, approximately where the upper lobe bronchus and bronchus
intermedius branch. This patient also had episodes of left-sided pneumonia. B,
Computed tomography scan in the same patient as A. The carina is displaced to
the right. Note the patchy infiltrates in the left lung. The entire right bronchial
tree was stenosed, and involved nodes were prominent in right paratracheal and
subcarinal distributions. Pneumonectomy was necessary. C, Bronchoscopic view
in another patient, showing severe left main bronchial stenosis.
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Daum and colleagues from the Mayo Clinic found that 30 of 51 patients (59%) with proven Wegener’s

granulomatosis, who were followed bronchoscopically, had endobronchial abnormalities due to the 

granulomatous processes.42 Five had subglottic stenosis, 18 had ulcerating tracheobronchitis (some with

pseudotumors), 4 had tracheal or bronchial stenosis, and 2 had bleeding from unidentified sources. Seven

FIGURE 14-19 Wegener’s granulomatosis involving the upper air-
way. A, Anteroposterior tomogram of larynx and upper trachea.
Note the severe narrowing of the subglottic larynx, beginning just
below the glottis and extending into the proximal trachea. B, Lat-
eral tomogram of the same lesion of A. C, Bronchoscopic view of
the upper trachea in another patient. Irregular circumferential
scarring is noted. In other cases, the gross appearance is similar to
idiopathic stenosis. Bronchoscopic biopsy is not usually diagnostic.
Also, see Figure 34 (Color Plate 15).
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of 9 patients with ulceration progressed to stenosis. Treatment was by dilation, laser, and Silastic stent. No

correlation was found between observed inflammation and ANCA titers.

Herridge and colleagues had success in 3 patients, who were in remission, treated by resection and

thyrotracheal anastomosis, despite concurrent use of prednisone and cyclophosphamide.44 Protective tra-

cheostomy or a T tube was used in all 3. Stenosis did not recur in 2 with longer follow-up. We performed

resection in 6 patients with Wegener’s granulomatosis confined to the upper airway but misdiagnosed as

idiopathic laryngotracheal stenosis. Two did well in long term, but 4 later restenosed.

An NIH protocol from 1991 consisted of dilation and intralesional steroid injection at monthly intervals.

The hope was that collagenous scar would be resorbed. Following dilation, the area of stenosis was injected with

methylprednisolone acetate in four quadrants. One cc containing 40 mg of the drug was injected in each site.

About half the volume leaked out. The patient was given Decadron briefly to minimize postoperative laryngeal

swelling. Cyclophosphamide and glucocorticoids were continued only in those patients with other systems

involved. Twenty patients underwent 113 procedures in total, with 14 requiring multiple treatments.45 Six

patients with tracheostomies were decannulated and none of the others needed a tracheostomy, in contrast to

earlier experience, where over half of the patients required a tracheostomy. Given the unpredictable course of

Wegener’s granulomatosis, its varied manifestations, and response to treatment, conservative initial manage-

ment of subglottic stenosis seems advisable. We presently employ repeated dilations with intralesional injection

of methylprednisolone acetate (Depo-Medrol). Surgical resection is reserved for nonresponding patients who

have a reasonably localized disease and who have been in prolonged systemic remission, and further, where the

airway lesion does not evince florid inflammation. One-stage laryngotracheal resection is performed, when 

feasible (see Chapter 25, “Laryngotracheal Reconstruction”). Airway stenosis due to Wegener’s granulomatosis

should be approached surgically with the greatest caution, if at all.

Amyloidosis

Falk and colleagues point out that “amyloidosis is not a single disease, but a term for diseases that share a

common feature: the extracellular deposition of pathologic insoluble fibrillar proteins in organs and tis-

sues.”46 Different proteins make up the amyloid fibrils in primary amyloidosis (AL), in reactive systemic

(secondary) amyloidosis (AA), and in rare familial disease (ATTR most common). Secondary amyloid has

diminished in frequency with a lower incidence of chronic infectious diseases. Clinical presentations vary,

but the organs most often involved are the kidney, heart, and peripheral nervous system.

The disease is uncommon and airway involvement is more so. The now differentiated types of amyloid

have not been identified in airway cases until recently. AL amyloidosis appears to have special affinity for lung

tissue, presenting as nodular pulmonary and tracheobronchial amyloidoses.47,48 The hyaline-eosinophilic

material also deposits in the lamina propria of the bronchial mucosa of different parts of the bronchial tree.

Multiple coalesced nodules can narrow the bronchial lumen, and involvement ranges from a localized seg-

ment to a large part of the bronchial tree (Figure 14-20). Systemic amyloidosis, which often involves the lungs,

has a poor prognosis. The pulmonary involvement is usually diffuse and infiltrative in this case.

More localized, tumor-like amyloidoma, whether in the lung or tracheobronchial tree, appears to

have a quite benign course, except for the consequences of airway obstruction, which may be fatal.48,49 It is

largely dissociated from systemic disease. Tracheobronchial lesions may be quite localized or infiltrate over

long distances of the larynx or bronchi.47,50,51 Multifocal submucosal plaques are more common than 

“amyloidomas,” or tumor-like masses. Regional lymph nodes may exhibit amyloid.48 In extensive tracheal

involvement, amyloid material is also found, deposited peritracheally in the mediastinum and in the

esophageal wall. Calcification may be noted in nodular amyloidomas on CT scan. In looking at 48 patients

with lower respiratory tract amyloidosis, Hui and colleagues counted 28 with single or multiple nodules, 14

with tracheobronchial disease, of whom 4 were localized and 6 had diffuse interstitial pulmonary infiltrates.51
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FIGURE 14-20 Amyloidosis involving the airway. A,
“Amyloidoma” localized to left main bronchus. The lesion fills
the bronchus like a cork. A left main bronchial sleeve resection
was performed, saving the lung. B, Anteroposterior view of the
trachea, showing extensive linear involvement in a different
patient. C,D Computed tomography scans of another patient,
54 years old, with tracheobronchial amyloidosis. The cervical
trachea is markedly obstructed (C). The upper mediastinum
and trachea in this patient are infiltrated by amyloid (D). Note
the calcification.
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A literature review in 1972 produced 25 instances of primary localized tracheobronchial amyloidomas: tra-

chea only in 2, bronchus only in 9, and trachea and bronchus in 14.52 The genders were evenly spread, and

the age range was 29 to 74 years (mean 53 years). Symptoms and signs were obstructive. Utz and colleagues

described 4 patients with localized tracheobronchial amyloid in 55 patients with pulmonary amyloidosis

(systemic and localized).49

Symptoms of nodular or tumorous tracheobronchial amyloidosis are cough, sputum, dyspnea,

hemoptysis, and fever. The mucosa bleeds easily, but biopsy is necessary for diagnosis. Since it occurs so
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FIGURE 14-20 (CONTINUED) E, Amyloid is present in the same patient’s tissues at the carinal level. Bronchi are thickened and calcified. F,
Bronchial and mediastinal infiltration and calcification of amyloid are particularly well seen in the same 54-year-old patient. G, Tomogram
of the larynx and trachea in a 19-year-old male with at least 10 years of slowly progressive dyspnea, much worsened in the year and a half
prior to study. The upper arrow indicates the glottis. Below this is the image of the amyloid with calcification invading the larynx and tra-
chea. The lower arrow indicates deformation of the midtrachea by mediastinal amyloid accumulation.
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infrequently, it can easily be mistaken for a tumor, or even other infiltrative processes such as tracheopathia

osteoplastica. Tracheobronchial amyloidosis is not usually associated with diffuse interstitial pulmonary

amyloid deposition, as noted above. Classically, the protein stains with Congo red, but sophisticated tech-

niques now permit precise determination of the amyloid type.46

Depending upon the location and extent of the process, surgical treatment may be possible.48,50 A

localized tracheal or bronchial deposit may simulate tumor. The lesion may enlarge slowly, in time pro-

ducing obstructive recurrent pneumonia or atelectasis. Death occurs from recurrent pneumonia or respi-

ratory failure under these circumstances. If possible, the involved segment of trachea or bronchus is resect-

ed (see Figure 14-20A). Residual amyloid may necessarily be left at resection margins, predicting possible

slow future recurrence. The rate of clinical progression is not defined, due to lack of experience. In one of

our patients, a pulmonary shadow had been present for 22 years.48 In another very extensive lesion in a

FIGURE 14-20 (CONTINUED) H, Computed tomography
image of the same patient in Figure 14-20G, showing
severe tracheal compromise. Note the calcification in the
amyloid mass.The splayed shadow anterior to the trachea
is the thyroid. I, Upper thoracic trachea is also invaded.
Amyloid infiltrates the esophageal wall and narrows its
lumen. A 5 cm length of the trachea and the anterior sub-
glottic larynx were resected, plus esophageal muscular
coats. Putty-like amyloid infiltrated the mediastinum and
behind the posterior cricoid. Good result was finally
achieved but a re-resection of the anastomotic stenosis, due
to failure of healing of the first anastomosis, was required.
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young man, an extended laryngotracheal resection was necessary (see Figures 14-20G,H,I). A T tube was

required after partial anastomotic separation had occurred, but eventually, a re-resection of the localized

stenosis was successfully accomplished, resulting in an intact airway despite the extent of resection. Naef

and colleagues operated on a similar patient and cited 22 prior reported cases with diffuse or localized

pseudotumors of the tracheobronchial tree, usually treated at that time by bronchoscopic means.50

In a diffuse disease, we have used palliative bronchoscopic core-out treatment, whereas others have

preferred laser therapy.49 See also Figures 3-59, 3-60, and 3-61 (Color Plate 8).

Intrinsic Lesions Which Deform the Trachea 

A number of conditions largely display gross deformation of the trachea in several characteristic patterns.

These changes appear to be intrinsic to the trachea rather than being due to compression by adjacent struc-

tures or masses. Included are saber-sheath trachea, tracheopathia osteoplastica, and tracheobronchomegaly.

Saber-Sheath Trachea

A normal adult trachea has an essentially oval cross section, with the coronal diameter greater than that of

the sagittal, although in many it is nearly circular (see Chapter 1, “Anatomy of the Trachea”). With increas-

ing age, the configuration of the lower third of the trachea may be altered by the left lateral impression of an

enlarging aorta. “Saber-sheath” trachea, however, describes a coronal narrowing of the entire intrathoracic

trachea from both sides, with a corresponding increase in the sagittal diameter, usually affecting about the

lower two-thirds of the trachea. The proximal cervical segment retains a normal shape (Figure 14-21). Saber-

sheath trachea is identified most often in older patients, particularly in males over 50 years of age. Ninety-

five percent of patients appear to suffer chronic obstructive pulmonary disease (COPD).53,54 Not all patients

with COPD, however, show saber-sheath deformity. In most patients, it is an incidental finding. However,

with extreme progression of the deformity, a large part of the posterior lateral walls of the trachea approxi-

mate to one another on coughing and on increased respiratory effort, especially expiratory. As the cross-

sectional area of the trachea is reduced, the rate of airflow is also reduced.54 The patient finds it increasingly

difficult to generate a cough sufficiently forceful enough to clear tenacious secretions, which are character-

istic of the pulmonary disease.

Greene and Lechner described 13 patients with such narrowing, recalling the original use of the term

in 1905.53 Patients’ ages ranged from 52 to 75 years, and clinical diagnoses were varied. All the patients had

a history of heavy smoking, 10 had a diagnosis of chronic bronchitis, and 7 suffered from primary chron-

ic obstructive pulmonary disease. The coronal intrathoracic tracheal diameters ranged from 7 to 13 mm

with a mean of 10.5 mm; in contrast, the sagittal diameters showed a mean of 23.5 mm. The extrathoracic

trachea was normal, with a coronal diameter of 20.6 mm. Ten of the 13 patients demonstrated calcification

in the tracheal rings, which was probably age related.

The mechanical forces that lead to this deformation of the intrathoracic trachea are not understood. It

should be emphasized that the cartilages are not malacic. It is the change in shape and approximation on res-

piratory and tussive efforts that can lead to clinical problems. In a very rare case, I found it necessary to splint

the trachea externally (using specially made polypropylene rings), in order to allow the patient to clear secre-

tions adequately. A large bore tracheal T tube or inlying stent could also provide a means for maintaining an

open airway during expiration and cough in these few critical patients. Definition of the extent to which the

airway is obstructed by the process is obtained by bronchoscopic examination in the awake patient, flow vol-

ume curves, and inspiratory and expiratory thin-section CT scans of the trachea. Patients who have this defor-

mity, but who are not symptomatic from it, and who require tracheal resection between the differently shaped

proximal and distal portions of the trachea, do not present any difficulties in anastomosis. Sutures are placed

proportionally. The tracheal ends are sufficiently flexible to permit easy anastomotic accommodation.
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Tracheopathia Osteoplastica

In tracheopathia osteoplastica (TPO), multiple submucosal osseocartilaginous nodules are present in the

trachea, subglottic larynx, and bronchial tree (see Figures 42 and 43 [Color Plate 16]). An alternative name,

tracheobronchopathia osteochondroplastica, is more completely descriptive, lacking only “laryngo”—but

is excessively long and something of a tongue twister. The nodules are distributed only over underlying

cartilages and not over the membranous wall. The most prominent nodules are usually seen in the trachea

and the next most prominent in the main bronchi. Some are tiny and scattered like seeds. Others grow to

considerable size (4 to 6 mm). The nodules are of hyaline cartilage with foci of ossification and lie sub-

mucosally, essentially forming a partial intratracheal osseocartilaginous cylinder (except over the mem-

branous wall). Bridges of bone, cartilage, and collagen connect the inner tracheal cylinder formed by the

pathologic bone and cartilage with the perichondrium of the regular tracheal cartilages. These findings

led Young and colleagues to support ecchondrosis of the tracheal cartilages as the pathological process.55

An often present saber-sheath configuration in these patients may commence just below the cricoid car-

tilage, rather than being confined to the intrathoracic trachea, as it is in isolated saber-sheath tracheal

deformation. Portions of the trachea may be more severely affected by TPO than others, and occasional-

ly involve only part of the trachea. The etiology is unknown. Earlier suggestions that TPO is an end stage

of amyloidosis have not held up.56 Other theories relate the calcifications to chronic purulent tracheitis or

abnormalities in tracheal elastic tissue.56,57 This rare condition is seen in older adults and is often asymp-

tomatic. Fifteen patients were diagnosed with TPO over 36 years at the Mayo Clinic.56 A number of cases

reported were discovered incidentally at postmortem examination.55 TPO may, however, progress insidi-

ously to produce respiratory symptoms, including dyspnea, cough, sputum production and retention,

wheezing, hoarseness, and hemoptysis.56 A long history of exertional dyspnea and respiratory infection

may be elicited. As obstruction worsens, the patient has progressive difficulty in raising viscid secretions.

FIGURE 14-21 Saber-sheath trachea.
A, Anteroposterior (left) and lateral
(right) roentgenograms, showing normal
appearing cervical trachea with side-to-side
narrowing of the intra-thoracic trachea.
Near the carina, the trachea begins to
widen again.
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When saber-sheath deformity is concurrent, as is often the case, the obstruction is worsened. Atrophic

rhinitis and pharyngitis may be concurrent.57

Tomograms and CT scans show typical changes, with scalloped calcification in the nodules lining the

lumen of the involved segments of the airway (Figure 14-22). These nodules are within the inner border of

the cartilages, which are not themselves involved. Bronchoscopy is also diagnostic (Figure 14-23). The

lesions may be seen extending from the subglottic larynx to distal bronchi. In advanced cases with marked

airway constriction, it may not be possible to force an adult rigid bronchoscope very far into the trachea

since the process is so rigid. Biopsy is extremely difficult due to the hardness of the nodules, and it is not

usually productive or necessary.

Attempts to treat this condition by removal of the nodules either with bronchoscopic biopsy forceps or

with laser have not been highly successful.56 The trachea may be impossible to dilate, so that per oral stent

placement is not feasible. Segmental stenosis of the trachea by TPO is infrequent. Localized disease, although

rare, can be resected.58,59 In 1 of our patients who had squamous cell carcinoma identified by biopsy in an

obstructing localized segment of TPO, a resection gave complete relief. In 4 patients with severe and 
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FIGURE 14-21 (CONTINUED) B, Com-
puted tomography scans showing
changes in tracheal configuration with
progression, from the cervical (left
upper image), to the upper thoracic
(right upper and left lower image), to
the lower thoracic (right lower image).
The shape of a saber sheath is best
exemplified in the right upper image.
As the carinal branching is reached, the
airway becomes more triangular.
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incapacitating airway obstruction due to disease involving the entire trachea (the more common presenta-

tion), relief was sought by reshaping the obstructed trachea over a silicone T or T-Y tube.60,61 The entire length

of the trachea was divided vertically in the anterior midline from the cricoid to the carina (see Chapter 32,

FIGURE 14-22 Images of tracheopathia osteoplastica (TPO).
A, Chest roentgenogram of a 48-year-old woman with TPO so
severe, she was incapacitated by dyspnea. Tracheal shadow
shows saber-sheath configuration with suggestion of irregulari-
ties in lateral walls. Sternal wires and clips are from previous
coronary artery surgery. B, Three-dimensional (computed
tomography [CT] scan) reconstruction of the trachea in a 44-
year-old man with obstructing TPO. Marked distortion and
narrowing are evident. C, CT scan of the same patient in B. The
saber-sheath tracheal shape and the irregular and calcified nod-
ules facing the lumen are typical.
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“Surgery for Tracheomalacia, Tracheopathia Osteoplastica, Tracheal Compression, and Staged Reconstruction

of the Trachea”). This permitted the rigid lateral walls to be hinged outward from the anterior midline 

incision, since the membranous wall is uninvolved. After placement of a T or T-Y tube, the anterior line of the

incision was sutured closed. Pedicled strap muscles were interposed between the linear suture line and the 

brachiocephalic artery. After 4 to 6 months, when healing had occurred in the outwardly hinged position, the

T tube was extracted. Airway patency was maintained in 3 patients long term (see Figures 14-22E, 14-23C).

One patient continued to need a T tube, but was lost to follow-up. Viscid secretions, as expected, continue to

be produced by the abnormal mucosa, but can be cleared through a now widely patent trachea. I have not,

thus far, encountered a case where distal involvement also required surgical reshaping of the bronchi. This

should be feasible with a custom-made T-Y tube. Kutlu and colleagues treated a single patient with narrow-

ing of only the upper half of the trachea, by side to side slide tracheoplasty, with satisfactory follow-up at 15

months.62 See also Figures 3-62, 3-63, and 3-64 (Color Plate 8).

Tracheobronchomegaly

Tracheobronchomegaly (TBM), the Mounier-Kuhn syndrome, is characterized by a hugely dilated trachea

and central bronchi and frequently associated with recurrent respiratory infection. Widening of the trachea

transversely may reach 35 to 45 mm or greater. Mounier-Kuhn described the radiographic and broncho-

scopic presentations of a number of these patients and gave the syndrome its current name.63 TBM is most

likely of congenital origin.64–67 It has been identified in the neonate, but usually becomes clinically manifest

in adult life.64 Katz and colleagues identified the condition in patients between the ages of 8 and 64 years, but

found the majority to be in the fourth and fifth decades.64 The patient often finds it difficult to date the ori-

gin of symptoms exactly, since these have appeared insidiously over many years, sometimes being retro-

spectively identifiable in childhood. Longitudinal elastic fibers of the central airways are atrophic or absent.

Symptoms are progressive dyspnea on exertion, ineffective cough, and difficulty in raising secretions.

Emphysema, respiratory infections, and bronchiectasis follow.64,65,67 The trachea appears hugely dilated on

chest x-ray and on bronchoscopy. CT scan demonstrates the defects graphically (Figure 14-24). Cartilages
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FIGURE 14-22 (CONTINUED) D, Lateral longitudinal reconstruction. The apparently posterior nodules are in the distorted
lateral wall (see Figure 14-22C), not the membranous wall, which is not involved. E, CT scan 4 years after T tube tracheo-
plasty in the patient in Figure 14-22C. The patient had returned to all activities, including small game hunting.
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of the tracheal and central bronchial walls are markedly elongated and deformed, particularly in the mid

and lower trachea.67,68 Malacia is present, sometimes to an extreme degree. Dynamic change is observed,

with collapse occurring at expiration. The trachea, right main bronchus, and left main bronchus greatly

exceed normal maximum values for transverse diameters of 25, 23, and 20 mm, respectively (in men).69

Peripheral airways are of normal caliber. The membranous wall is markedly widened. Tracheal sacculation

can occur between the dysplastic rings and in the membranous wall and is bronchoscopically and radio-

logically visible. The curve of the cartilages becomes so distorted that there may be actual reversal of the

anterior wall in some, so that it pushes in against the membranous wall. With expiration and with cough,

the mucosa of the membranous wall approximates to a greater or lesser degree to the deformed anterior

cartilaginous wall. High degrees of obstruction follow, particularly with respiratory or tussive effort.

In one patient, an attempt was made in several operations to reshape the anterolateral tracheal

wall and the main bronchi, using polypropylene ring splints to support the cartilaginous wall, and 

FIGURE 14-23 Bronchoscopic views of tracheopathia osteoplastica.
A, Patient is described in Figure 14-22A, having characteristic overall
deformation of the trachea, with multiple submucosal nodules of varied
size. There was marked luminal narrowing. B, Trachea of the patient
described in Figure 14-22B. Note the extreme compromise of the airway
and the viscid secretions. C, Postoperative view of the patient viewed in
Figure 14-23A, 9 years later, showing a completely adequate lumen. See
also Figures 42 and 43 (Color Plate 16.)
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posterior splints to narrow the widened membranous wall. When these procedures failed, the patient was

successfully managed over the long term with a large diameter silicone tracheal T tube. A T tube was

used as primary treatment in subsequent patients, with successful results. A tracheal Y stent provides

symptomatic relief if the bronchi also require support.70 At the present time, placement of a silicone

stent of large diameter appears to promise certain relief, and it is to be favored over extensive (and,

therefore, more risky) surgical tracheobronchoplasty. The stent may have to be specifically made for the

individual patient’s tracheobronchial anatomy.
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FIGURE 14-24 Computed tomography scans
showing tracheobronchomegaly in a 44-year-
old male, with dyspnea for 10 years, much
worse in the last year. There is massive dilation
of the trachea (A) with elongated membranous
wall and of main bronchi at the carina (B).
More marked bronchiectatic changes were pre-
sent at both lung bases.
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Tracheomalacia and Bronchomalacia

Extrinsic Compressive Lesions
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Tracheomalacia and Bronchomalacia

Tracheomalacia describes softening of the tracheal cartilages, with consequent obstruction. The subject is

itself “soft” and not a little confusing. Tracheomalacia is a consequence of multiple processes, some well

defined clinically, but of poorly understood etiology. The lesions are rare and there are differences of opin-

ion about their nature. For the most part, management ranges from difficult to experimental or currently

impossible. The degree of loss of normal semirigidity of cartilages may be partial or complete, and may

involve the entire trachea or a segment of it.

Congenital tracheomalacia is presented in Chapter 6, “Congenital and Acquired Tracheal Lesions in

Children” (see Figure 6-11). Not truly congenital, but of genetic origin, is tracheomalacia seen in patients

with dwarfism due to achondroplasia. Three such patients had softened tracheal cartilages with easy col-

lapse. In addition, the trachea had failed to grow in length or diameter as they became adults, so that the

lumen was infantile and easily occluded. Each had already undergone a number of surgical procedures in

childhood, including high tracheostomy with injury to the cricoid and to the subglottic larynx, tracheostomy

with stenosis and/or granulomas, and failed tracheal resections. A prognathous jaw and limitation of cervi-

cal mobility in these patients can make rigid bronchoscopy (eg, for granuloma removal) impossible, unless

there is an existing tracheostomy. Intubation, if necessary, can be done with some difficulty over a flexible

bronchoscope. Because of the small diameter of the airway, a laryngeal mask airway (through which a flex-

ible bronchoscope can be introduced) seems preferable. Each patient will present unique problems. If sur-

gical reconstruction seems inadvisable in a given situation, recourse to a tracheostomy or T tube may be

necessary. The latter may not be successful for the long term if the airway, and consequently the T tube, is

too narrow (see Chapter 39, “Tracheal T Tubes”).

Acquired segmental tracheomalacia (“focal” tracheomalacia) resulting from postintubation injury has

been considered in Chapter 11, “Postintubation Stenosis” (Figure 15-1). Secondary malacia resulting from

extrinsic compression by lesions such as goiter, tumors, and vascular structures is described subsequently in
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this chapter. Obstruction resulting from relapsing polychondritis was discussed in Chapter 14, “Infectious,

Inflammatory, Infiltrative, Idiopathic, and Miscellaneous Tracheal Lesions.” Two additional categories of

intrinsic malacia are to be considered. The first is partial malacia, usually associated with chronic obstruc-

tive pulmonary disease (COPD), which can lead to severe expiratory collapse of the lower trachea and main

bronchi. The second is the very rare occurrence of idiopathic complete malacia of tracheal cartilages.

Tracheal and bronchial malacia, most often associated with COPD, seems to occur infrequently. It

varies in severity and may well be underdiagnosed, since COPD may seem to be sufficient cause for respi-

ratory distress. It is also difficult to distinguish symptomatically from chronic asthmatic bronchitis. Patients

complain of dyspnea, particularly in the expiratory phase, and this is especially manifest on effort. Respi-

ratory crises that border on asphyxia may follow bouts of severe coughing. Seizures may occur, which in

the past were termed “laryngeal epilepsy.” Expiratory stridor is heard; cough may be intractable. The hard-

er the patient works to breathe, the more difficult it becomes. Secretions are raised with difficulty, often a

leading complaint, because the cough is weak. The cough is characterized by a “seal bark” quality. Recur-

rent respiratory infections ensue.

A history of pulmonary disease usually precedes the finding of tracheal disease. These changes are

well identified by flexible bronchoscopy in a conscious patient, where dynamic changes with respiration

and cough can be elicited and observed. This type of severe expiratory tracheobronchial collapse occurs

most often in males over the age of 40 years. Diminution in elastic fibers of the membranous wall has been

found in these patients, but may well be a secondary change.1 The factors that lead to this deformity and

its association with COPD remain unknown.

FIGURE 15-1 Localized tracheomalacia in a 16-year-old male, resulting from prolonged ventilation for several months, via a tracheostomy,
subsequent to severe head injury, coma, and multiple complications. In addition to a distal 2.5 cm long circumferential stenosis due to cuff
injury 2 cm below a stoma, he had a 2 to 3 cm segment of malacia of the anterior tracheal wall above the stoma from prolonged pressure by
the tracheostomy tube during ventilation. A, Lateral neck roentgenogram shows an apparently normal upper tracheal air column with the
patient at rest. Stenosis is distal and not visualized in this roentgenogram. Calcification in larynx is visible superiorly. B, Forced inspiration
shows collapse of the soft anterior tracheal wall (arrow). C, On expiration, the anterior tracheal wall is distended. After circumferential resec-
tion of the distal stenosis, obstruction was apparent due to the malacic trachea. Through a separate small incision, a perforated polypropylene
ring was inserted to encircle and support the soft segment. Excision of both lesions in continuity would have been too long to allow a safe ana-
stomosis. Two separate excisions would have endangered the blood supply of the short intervening segment of the trachea. Two-stage resection
would also have been possible. This patient’s airway remains excellent 32 years later.
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Bronchoscopic examination reveals a flattening of cartilages from a normal “C” configuration 

(Figure 15-2). The ends of the cartilages may curve slightly forward, so that the cartilages assume the con-

figuration of an archer’s bow. The membranous wall is elongated. On expiration, especially with forced res-

piration and cough, the cartilage flattens out even more and the membranous wall approximates toward

the anterior wall. Complete or nearly complete tracheal occlusion results. The lower two-thirds of the tra-

chea (the intrathoracic portion) and both main bronchi are most often involved. Sometimes, the malacia

extends to more distal bronchi.

Fluoroscopy demonstrates anteroposterior tracheal occlusion, and inspiratory–expiratory computed

tomography (CT) scan confirms this dynamic obstruction (Figure 15-3). Cross-sectional area normally

reduces by 13 to 14% in the upper- and midtrachea on forced expiration. The degree of dynamic collapse

in acquired tracheomalacia was measured by semiautomated CT cross-sectional area calculations by

Aquino and colleagues.2 For patients with tracheomalacia, the mean change in the upper trachea was 47%

and was 54% for midtrachea. A greater than 30% change was 94% sensitive in detecting malacia. Most

patients have advanced COPD with emphysematous change visible on images.

Herzog and colleagues studied in detail the pathophysiology of expiratory obstruction in chronic lung

disease, in patients who demonstrated “dyskinesia” of the trachea and main bronchi.3 They theorized that

major intrathoracic airways were no longer held open in the expiratory phase of respiration due to loss of

tissue elasticity. Expiratory airflow is consequently markedly reduced. Because of the collapse, a marked pres-

sure gradient results between intra-airway pressure in the subglottic region and that at the carinal and main

bronchial levels. Rate of progression of malacia is variable, but spontaneous improvement does not happen.

In an effort to improve this mechanical deficit, Herzog and Nissen narrowed and splinted the mem-

branous wall of the lower trachea and the main bronchi, using various materials.4 The ends of the carti-

lages were pulled to the edges of longitudinal splints fixed to the membranous wall, thus restoring a more

normal horseshoe shape to the softened but still functional cartilage. Criteria for possible operative inter-

vention, in addition to the clinical signs noted and bronchoscopic and imaging data, which were recom-

mended by Herzog and colleagues, are 1) a forced expiratory volume in 1 second (FEV1) of less than 40%

of vital capacity indicating severe obstruction, and 2) an increase in central airway resistance over 20 cm

H2O per liter per second at an alveolar pressure of 60 cm H2O (the pressure developed by moderately strong

cough).3 Herzog and colleagues further stated that “intractable cough due to (bronchoscopically observed)

circumscribed contact of the membrane with the anterior wall of the trachea or main bronchi is an absolute

indication for local stabilization of the membranous wall.”3 Inability to raise secretions because of collapse

is a relative indication. Herzog and Rossetti reported success in treating 17 patients.5 Respiratory function

improved, as well as ease of expectoration, dyspneic crises were ameliorated, and patients were able to

increase their physical activities. Although the basic pulmonary disease was not improved, some patients

seemed to obtain significant palliation. Other reports are less encouraging.6 Little systematic data has been

reported. The long-term effectiveness of such procedures remains unclear. Complicating these issues are

the progression of underlying COPD, presence of distal bronchial collapse, and also the variety of tech-

niques of splinting employed.

Different materials have been used for the posterior splints: fascia lata, pericardium, perforated

rigid plastic strips, lyophilized bone, and Goretex. Circumferential wrapping of the trachea and both

main bronchi with heavy Marlex, using tissue adhesive, was reported to be successful, but raises con-

cern about tracheal blood supply if more generally employed.7 I was initially impressed with the ease of

use and apparent effectiveness of Goretex strips for obtaining correction. However, since Goretex does

not become incorporated by the tissues, late failure followed, due to partial separation of the Goretex

from the membranous wall of the trachea. Sterile fluid collected between the Goretex and the mem-

branous wall, producing obstruction. I subsequently used pericardium, but this appeared to remodel
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FIGURE 15-2 Bronchoscopic observations in tracheobronchomalacia
with expiratory obstruction, in a 40-year-old diabetic man with dysp-
nea on effort, cough, inability to clear secretions, and frequent respira-
tory infections. A, View from cricoid down clearly showing the transi-
tion from C-shaped tracheal cartilages to marked flattening and
splaying distally. B, Midtrachea in the same patient. Cough occluded the
airway completely. Also, see Figure 39, Color Plate 16. C, Inspiratory
view of the lower trachea in another patient with severe malacia. Note the
viscid secretions. D, Expiratory view. Fully obstructed. E, Stable lower tra-
chea after posterior membranous wall tracheoplasty. The membranous
wall shows typical post-tracheoplasty irregularity.
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with time, attenuate, and lose effectiveness. Marlex mesh has proved very satisfactory, since it causes

sufficient inflammatory reaction, and is of porous structure which ensures permanent incorporation by

fibrous tissue ingrowth (Figure 15-4) (see Chapter 32, “Surgery for Tracheomalacia, Tracheopathia

Osteoplastica, Tracheal Compression, and Staged Reconstruction of the Trachea”).8 Fifteen patients

were treated by membranous wall tracheoplasty for severe symptoms of expiratory airway collapse,

including dyspnea (15), inability to clear secretions (5), and intractable cough (10), using polypro-

pylene mesh (Marlex). Thirteen had symptomatic improvement and most had marked bronchoscopic

improvement. Pulmonary function tests improved in some (Table 15-1), as did flow volume curves

(Figure 15-5). One failure needed a stent. Three required late reoperation, one due to fluid collection

beneath a prior Goretex splint, as noted. All improved with reoperation.8

Idiopathic tracheomalacia has been seen in a very small number of patients. Cartilages throughout the

trachea, and sometimes in the main bronchi, become softened. Generalized floppiness is visualized broncho-

scopically, rather than the specific deformation just described. The extent of disease usually obviates resection.

The few patients I have seen were adult males with no known disease, except for diabetes in 2. No history of

intubation or other tracheal insult explained the lesion. Patients presented with expiratory obstruction and a

rubbery, resonating, “seal bark” cough. A few patients were treated by splinting the trachea externally with

polypropylene rings placed in individual channels, which were then imbedded in the tracheal wall by turning

down the sternohyoid muscles over them and suturing these to the trachea in the intervals between the plastic

rings (see Chapter 32, “Surgery for Tracheomalacia, Tracheopathia Osteoplastica, Tracheal Compression, and

Staged Reconstruction of the Trachea”). An alternative method of management is a long, large bore T or T-Y

tube, as the anatomical defect requires, or an inlying stent, preferably of silicone.

Extrinsic Compressive Lesions

Parenchymal, cystic, and vascular lesions may obstruct the trachea by compression. Chronic compression

may result in malacic changes in the deformed cartilages. The problem may, therefore, be dual. The lesion

initially narrows the trachea by compression. If severe malacia results, the trachea may collapse following

removal of the support which was provided by the mass lesion.

Goiter

A thyroid goiter may displace and deform the cervical or intrathoracic trachea markedly, over a short or

long segment (Figure 15-6). The narrowing may be symmetrical, but more frequently is eccentric. In large

goiters that have a major substernal or intrathoracic component, tracheal deformity and obstruction is

more likely to be caused by those goiters that pass into the thorax laterally and posteriorly (“posterior

descending goiter”), rather than by strictly anterior substernal goiters. The latter more often lie anterior to

the great vessels and hence are less likely to compress the trachea seriously. Particularly in aged patients,

where only a small portion of the trachea lies above the sternal notch, a goiter may be almost entirely

intrathoracic and not be visible or palpable in the neck. In a series of 80 patients with intrathoracic goiters,

reviewed by Katlic and colleagues, dysphagia was present in 33%, dyspnea in 28%, stridor in 16%, hoarse-

ness in 13%, wheeze in 9%, and cough in 8%.9 A cervical mass was the most common finding (69%). In

one-third of the patients, the trachea was markedly deviated. Most lesions are multinodular goiters or fol-

licular adenomas, with a rare incidence of Hashimoto’s thyroiditis. Occult carcinoma is encountered in 2

to 3% of substernal goiters, at most.10

The treatment of obstructive goiter, whether cervical or intrathoracic, is surgical. There is little evi-

dence that prolonged thyroid suppression (used in 59% of our series), radioiodine, or propylthiouracil

effect regression of goiters and relief of compression. Since goiters may recur over a period of many years,

complete removal of the affected lobe or lobes is advisable.

Tracheobronchial Malacia and Compression 401



402 Surgery of the Trachea and Bronchi

A

B

FIGURE 15-3 Imaging in tracheomalacia.
A, Fluoroscopy in a 57-year-old man with
severely symptomatic malacia of the
intrathoracic trachea and main bronchi.
Oblique spot films of the trachea, inspiratory
on left and expiratory on right. Note that the
collapse is intrathoracic. B, Oblique tomo-
grams, inspiratory on left and expiratory on
right, in same patient of A.
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FIGURE 15-3 (CONTINUED) C, Inspiratory–expiratory computed tomography (CT) scans demonstrate the degree of narrowing of the affect-
ed intrathoracic trachea. Inspiratory view. D, Expiration at the same level. E, Virtual bronchoscopy from a CT scan, showing the supra-
carinal trachea in inspiration in the same patient. F, View at the same level in expiration. G, Three-dimensional CT reconstructions of the
trachea and main bronchi in another patient, a 57-year-old man with severely symptomatic obstructive malacia. Anterior view. Note the
transition from a circular cervical configuration through a triangular shape to flattened cartilages distally. H, Oblique view showing ridging
of the membranous wall. Corresponding bronchoscopic views are seen in Figures 15-4C and 15-4D.
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FIGURE 15-4 Pre- and postoperative bronchoscopic observations. A, In
a 79-year-old male with chronic obstructive pulmonary disease,
bronchiectasis, and worsening dyspnea. Changes are evident in the
lower trachea with characteristic splaying of malacic cartilages. B, Post-
operative view at the same level demonstrates restoration of a D-shaped
trachea. The carina is clearly visible. The membranous wall is puckered
by posterior scar and sutures. C, Inspiratory view in a 57-year-old male,
just above the carina. The right main bronchus remains nearly occluded.
D, Expiration occludes the trachea and bronchi. E, Following posterior
splinting procedure, a stable and open airway results. An open carina is
below. The posterior wall is fixed to the Marlex backing.
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The goiter may be so large and of such long duration that unilateral vocal cord paralysis has resulted

from pressure defunctioning of a recurrent laryngeal nerve. Nerve paralysis or malfunction may also be the

result of prior thyroid surgery, which many of these patients have undergone. Thyroid function should

always be measured, since a few patients may indeed be hyperthyroid. Isotopic thyroid scans are not of par-

ticular value since the goiters may well be nonfunctional. Pulmonary function tests can provide informa-

tion about fixed upper airway obstruction and pulmonary parenchymal disease. However, even patients

with very limited pulmonary function and other severe medical problems can usually safely undergo the

requisite operation, with dramatic functional improvement. Cervical and thoracic CT scans demonstrate

the distribution and extent of the intrathoracic goiter and are always advisable (Figure 15-7).
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Table 15-1 Functional Results* of Membranous Wall Tracheoplasty for Malacia

Preoperative Postoperative (2 months)

Observed % Predicted Observed % Predicted

FEV1 (L) 1.39 39 2.96 72

FVC (L) 2.94 59 4.59 87

PEF (L/sec) 4.73 51 5.87 63

PIF (L/sec) 2.17 41 5.35 82

MBC (L/min) 63 47 104 72

FEV1/FVC (%) 47 66 64 82

*In a 57-year-old male, presenting with 7 years of wheezing, dyspnea, cough, and respiratory infections.

FEV1 = forced expiratory volume in 1 sec; FVC = forced vital capacity; MBC = maximum breathing capacity; PEF = peak expiratory flow; PIF = peak

inspiratory flow.

(See flow volume loops in Figure 15-5.)

FIGURE 15-5 Flow volume loops in a 57-year-old man with a 7-year history of progressive wheezing, dyspnea, cough, and respiratory infections.
Preoperative on left; 2 months postoperative on right. Values for pulmonary function tests are in Table 15-1. The patient’s bronchoscopic findings
are displayed in Figures 15-4C,D,E.
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No matter how tortuous the airway appears on imaging studies, it has always been possible to pass a

rigid bronchoscope through the trachea, straightening the airway out as the bronchoscope is advanced

(Figure 15-8). An endotracheal tube can always be passed into the trachea, despite its tortuosity, and if need

be, over a flexible bronchoscope or over a tube changer placed via a rigid bronchoscope. The difficulty that

may be encountered is that of initiating bronchoscopy or laryngoscopy because of marked displacement

and torsion of the larynx by the goiter. If difficulty in intubation is anticipated because of the size of the

goiter, it is wise to have a rigid bronchoscope available. This can always be passed, even where it is difficult

to identify a markedly distorted and deviated larynx with a flexible instrument. In an extremely difficult

case, a laryngoscope is useful to help introduce the rigid bronchoscope into the glottis. If the trachea is

markedly compressed, intubation is preferable to the compromise of laryngeal mask airway.

Operation is accomplished through a low collar incision, which may have to be longer than usual,

depending upon the size of the goiter. In a number of patients, upper sternotomy becomes necessary in order

to extract the intrathoracic component without undue bleeding. Only rarely, principally in patients who have

had previous goiter surgery that extended intrathoracically, is a complete median sternotomy needed. In 2

unique cases of a very extensive goiter complicated by previous operations, further extension of the incision

into the right hemithorax through the fourth interspace was also required. In huge goiters with posterior and

inferior extensions, it is prudent to prepare and drape a wide operative field for possible incisional extension.

In most patients, removal of the goiter is all that is required to relieve tracheal and esophageal com-

pression. On a rare occasion, cartilage thinning is so severe that the airway collapses and the patient becomes

even more dyspneic following thyroidectomy. Usually, the trachea opens up when the mass is removed and

the cartilages gradually return to a more normal shape and stabilize in the postoperative weeks. However, if

FIGURE 15-6 Intrathoracic (substernal) goiter in a 72-year-old man with a history of dyspnea, dysphagia, and stridor for
several years. Chest roentgenograms. A, Posteroanterior view showing marked displacement of the larynx and trachea to the
right, with marked tracheal compression. B, Oblique view emphasizes severe tracheal deviation and compression, which
reduced the airway cross section by over 80%. Complete relief followed removal of the bilateral adenomatous goiter by right
total and left subtotal thyroidectomy via a collar incision and upper partial sternotomy.
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FIGURE 15-7 Computed tomography scan reveals
marked tracheal compression by a bilateral goiter.

FIGURE 15-8 Bronchoscopy showing marked
bilateral tracheal compression by a goiter.
Although the tracheal rings are difficult to see in
the region of maximal deformation, enough sub-
stance remained to provide an airway of over 50%,
immediately after thyroidectomy, without collapse
on respiration. Also see Figure 41 (Color Plate 16).
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a now severely malacic trachea has lost the rigid splinting of the surrounding goiter, it can collapse more

completely. The progression is from mass obstruction to that of malacic collapse. In order to recognize this

possibility, the endotracheal tube is withdrawn intraoperatively, after thyroidectomy, to a point just below

the glottis. The trachea is examined and palpated in the open operative field and the trachea is observed dur-

ing respiration through a flexible bronchoscope passed through the endotracheal tube. It is helpful if the

patient makes spontaneous respiratory efforts during examination. Usually, the airway appears adequate,

although somewhat deformed, and no further reinforcing procedures are needed.

If this assessment proves incorrect and the patient becomes dyspneic following extubation at the

close of operation, then the patient should promptly be relaryngoscoped and bronchoscoped. The possi-

bility of recurrent laryngeal nerve damage causing glottic inadequacy must first be ruled out. The trachea

is then examined carefully for evidence of malacic collapse and obstruction. For either problem, my pre-

ferred management is to pass an uncuffed endotracheal tube of smaller diameter to maintain a satisfactory

postoperative airway. In a few days, after tissue planes are well coapted, the endotracheal tube may be

removed over a flexible bronchoscope, preferably in the operating room, and the trachea and larynx

reassessed. If obstruction persists, a tracheostomy may now be performed safely through the sealed tissue

planes. It should be noted, however, that Lahey and Hoover did not observe infection in their patients after

tracheostomy was done for tracheal collapse at the initial thyroid operation.11 In the rare event of malacia,

a T tube is preferable to a tracheostomy tube for both function and comfort. Over a period of weeks and

months, the trachea usually becomes firm again, permitting removal of the T tube. Since the cartilages usu-

ally do regain stability, permanent expandable stents are inadvisable. Coated expandable stents are prone

to producing rings of granulations at either end. As the incidence of massive goiter has diminished, critical

tracheal collapse after a thyroidectomy is rarely encountered. In earlier days, failure of prompt recognition

and treatment could even result in fatalities.12

If severe malacia is identified during surgery, then it may be managed safely, as just described. An

alternative is to place splinting polypropylene rings in channels around the malacic segment of trachea,

embedding them with strap muscles (see Chapter 32, “Surgery for Tracheomalacia, Tracheopathia Osteo-

plastica, Tracheal Compression, and Staged Reconstruction of the Trachea”). I have done this in a few patients 

without long-term difficulty. Circumferential wrapping of the trachea with a heavy Marlex mesh attached with

tissue adhesive has been reported, but I believe one must be concerned about possible devascularization.13

Another procedure that was used in the past to solve this problem, in then areas of endemic goiter in Europe,

was placement of traction sutures through the wall of the trachea, which were tied over buttons resting either

on the surface of the sternocleidomastoid muscles on either side or on the skin. Externally tied traction sutures

were removed after the trachea appeared to be stable. I have had no experience with such technique.

Special care must be taken to spare the recurrent laryngeal nerves and the parathyroid glands, since

the bulk of large goiters often thwart their easy identification.

Cysts 

Cysts that can compress the trachea are bronchogenic, thymic, and parathyroid.14–19 Bronchogenic cysts are

more likely to produce tracheobronchial symptoms in children, perhaps because the juvenile trachea is

more malleable. Life-threatening distress can occur in infants.20 Foregut enteric cysts are rare and may pre-

sent as air-filled lesions adjacent to the trachea in its upper portion or at the thoracic inlet. If large enough,

such cysts cause cough or an uncomfortable sensation of a mass in the neck. Esophageal compression may

produce dysphagia. A cyst may be adherent to the tracheal wall, but communication to the trachea may be

tiny or absent (Figure 15-9). Such cysts are presumed to be of congenital origin, but histology of the lining

cells may not clearly differentiate between a tracheal or esophageal origin. The cyst must not be confused

with herniation of the lung apex through Sibson’s fascia or with apical bullae.



Suen and colleagues found mild dyspnea in only 1 of 42 patients with bronchogenic cysts, 9 of which

were carinal and 9 peritracheal.14 Respiratory distress occurred in 6 of 8 patients with cysts at the carina,

with extrinsic airway compression found in all.15 St. Georges and colleagues, in a multi-institutional study

of 86 bronchogenic cysts, noted dyspnea in 16 which had mediastinal localization and in 8 with pulmonary

cysts; specific airway compression was not mentioned.21 Ribet and colleagues found dyspnea to be more

common in 24 infants and children with bronchogenic cysts (25%) than in 45 adults (4 to 11%).22 Com-

pression was radiologically seen against the trachea in 5, against the left main bronchus in another 5, the

right main bronchus in 2, and the intermediate bronchus in 3 patients.

Thoracotomy, most often posterolateral and on the side where the cyst presents, remains the favored

surgical approach to bronchogenic cysts.14,15,21,22 Median sternotomy is useful on occasion for a cyst

deemed more accessible by this route, or was used in earlier cases prior to CT definition when a diagnosis

of mediastinal tumor was entertained. Complete excision of a cyst prevents recurrence. Incomplete removal

can result in infection, a chronic draining sinus, or even fistula to a bronchus or to esophagus. Secondary

removal may prove technically very difficult (Figure 15-10).

Removal via cervicotomy or mediastinoscopy is applicable only in special circumstances. Communi-

cation from a cyst to a bronchus is usually managed by closure of a small opening, with second layer rein-

forcement. Bronchial sleeve resection and pericardial patch repair have been employed for larger

defects.15,23 In one 81⁄2- year-old girl, a bronchogenic cyst in the carinal location, which had been excised

elsewhere, proved to contain adenocarcinoma. Carinal resection and reconstruction was therefore subse-

quently performed, with apparent long-term cure.14

Thymic cysts are rare, but can occur in the neck and upper mediastinum, or, more often, entirely with-

in the anterior mediastinum.18 Thyroid and parathyroid tissues have also been found in these cysts. A true
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FIGURE 15-9 Tracheal cyst. Dorsal enteric cyst, lined by respiratory-type epithelium, in a 61-year-old woman with dysphagia accompanied
by gurgling, occasional dysphonia, and sense of a mass. She had no respiratory symptoms. The cyst was attached firmly to the tracheal wall
at the right posterior cartilaginous margin, and lay at the level of the thoracic inlet. It was air filled, but communication with the trachea was
too small to identify. The right recurrent laryngeal nerve was tightly adherent to the surface of the cyst. A, Exterior of cyst. B, Cyst on section.
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thymic cyst is to be differentiated from a cystic thymoma, although a small thymoma or even carcinoma

has been found in the cyst wall. In a review of 46 patients, Graeber and colleagues did not find tracheal

compression, but rather dysphagia, hoarseness, and pain as manifestations.17 This is probably due to the

generally anterior location of cysts in front of the great vessels and pericardium. Cervical presentation in

infancy or childhood appears more likely to cause tracheal obstruction.16 In 1 child treated for severe tra-

cheal compression by a thymic cyst, sufficient malacia proved to be present after cystectomy to require pro-

longed stenting with a tracheostomy tube until the cartilages became firmer (see Figure 6-16 in Chapter 6,

“Congenital and Acquired Tracheal Lesions in Children”). Parathyroid cysts are, on occasion, sufficiently

large to narrow the trachea when they are in a cervical location or present as a cervical extension from the 

anterior–superior mediastinum.18,19 A retrotracheal position is also described. The airway is not often

affected symptomatically. In a few patients, hyperparathyroidism is present. The lesions are quite visible on

roentgenograms and CT scans, and can easily be mistaken to be of thymic or thyroid origin. Surgical

removal is likely to be effected through a cervical incision with, at most, an upper sternal extension.

Neoplasms

Airway invasion by secondary tumors (ie, carcinomas of the thyroid, lung, and esophagus) is discussed

in Chapter 8, “Secondary Tracheal Neoplasms.” Mediastinal tumors, including germ cell tumors,

FIGURE 15-10 Persistent bronchogenic cyst in subcarinal location in a 29-year-old male, 4 years after incomplete removal.
Two years after the initial operation, following episodes of mediastinal infection and mediastinal drainage, a broncho-
esophageal cystic fistula precipitated esophageal diversion. Intermittent signs of bronchial fistula, esophageal fistula, and
sinus tract drainage led to referral. The sinogram shows a residual cyst with contrast entering the bronchus intermedius
(arrow). The entire cyst was dissected out, the bronchial fistula closed, the esophagus repaired at the site of a densely scarred
fistula, and the suture lines buttressed with healthy pericardial fat pad. Recovery was uneventful.



hemangiopericytomas, thymomas, and lymphomas, are infrequent causes of tracheal obstruction. In

the case of critical tracheal compression by a massive mediastinal tumor, a biopsy by core needle aspir-

ation may be safer than subjecting the patient even to a brief general anesthesia for a diagnostic open

biopsy. Cardiodynamic collapse has, on occasion, occurred under general anesthesia with absolutely

massive tumors infiltrating the mediastinum, encasing the aortic root, and great vessels, despite a fully

patent airway guaranteed with an endotracheal tube. The origin may be reflexive.

Hyalin-Vascular Lymph Node Hyperplasia 
(Angiofollicular Lymph Node Hyperplasia; Castleman’s Disease)

A 69-year-old woman with a 4-month history of rapidly progressive dysphagia, dyspnea with stridor, and

cervical swelling, presented with massive involvement of central mediastinal lymph nodes, shown by biop-

sy to be Castleman’s disease. The lobulated disease narrowed and displaced the trachea to the right and pos-

teriorly, impinging on the carina and narrowing main stem bronchi. The esophagus was displaced to the

right. Aortography and venography showed brachiocephalic, left common carotid, and subclavian arteries

displaced, and subclavian and brachiocephalic veins obstructed with thrombus. Extensive collateral venous

flow in the neck and posterior mediastinum accompanied the superior vena cava syndrome.

The patient responded symptomatically to irradiation treatment (2,800 cGy), with improved

breathing and swallowing, but died from bilateral pneumonia, likely associated with severe radiation

pneumonitis, 2 months later.

Dr. Benjamin Castleman (personal communication) described 2 prior patients with bronchial com-

pression from this disease, but without superior vena cava syndrome. One had responded to irradiation.

Judging from other mediastinal masses that have been excised and proved to be Castleman’s disease, surgi-

cal removal would have been the preferable treatment in the patients described above.

Tracheocele and Diverticula

Air-containing outpouchings adjacent to the trachea have been described by many terms, including tracheocele,

tracheal diverticula, tracheal diverticulosis, trachiectasis, aerocele, and aerial goiter (Figure 15-11). These rare

diverticula have been classified by Katz and colleagues as follows:24

1) Rudimentary bronchus. These rare and sometimes multiple diverticula involve all layers of the 

tracheal wall and occur at the junction of the membranous and cartilaginous wall, especially on the

right. They are asymptomatic for the most part.

2) Ovoid diverticula, which appear pedunculated, are filled with viscous secretions and may be related

to cystic dilation of mucus glands. They are asymptomatic.

3) A single air-filled sac, which usually has a wide mouth and may fill with enough air to produce symp-

toms, is seen rarely. It is of tracheal origin and differentiated from the slightly more common but still

rare laryngocele. It may be associated with chronic cough.

4) Outpouchings of the thin tracheal wall, between deformed and partly malacic cartilaginous rings in 

tracheobronchomegaly (see Chapter 14,“Infectious, Inflammatory, Infiltrative, Idiopathic, and Miscella-

neous Tracheal Lesions”), are seen as wide-mouthed diverticula on bronchoscopy and on imaging.

Symmetric Lipomatosis Colli

Symmetric lipomatosis colli (Lanois-Bensaude adenolipomatosis, multiple or benign symmetric lipomatosis,

lipoma annulare colli, Madelung’s disease), affecting the neck, supraclavicular regions, and upper back, very

rarely is accompanied by respiratory distress due to laryngeal compression or infiltration of the false vocal

cords and by tracheal compression from mediastinal fatty infiltration.25,26 The fat may sometimes enlarge

Tracheobronchial Malacia and Compression 411



412 Surgery of the Trachea and Bronchi

rapidly, or it may remain unchanged for long periods. It is not encapsulated and penetrates surrounding

structures deeply. Familial occurrence has been reported and mitochondrial DNA mutations have been

implicated.27 Multiple metabolic abnormalities and peripheral autonomic neuropathy have been found in

association with the disease.26

The occurrence of airway difficulty is exceedingly rare in an already rare condition. The disease is

observed in adult life and sometimes seems to be associated with large alcohol intake, but for the most part,

it leads principally to disfigurement, limitation of movement of the neck and upper extremities, and diffi-

culty in fitting clothing.28 Other symmetric fat deposits occur in some patients in the breast, abdomen,

lower back, and upper thighs.26 Enzi found mediastinal involvement in 5 of 19 patients, confirmed by CT

scans.26 Four had clinical signs and symptoms of airway compression, and one who had severe narrowing

of the trachea and superior vena cava obstruction as well, required a tracheostomy. A recurrent nerve was

also paralyzed in this patient.

A collar of fatty tissue encircles the neck, lobular masses of fat fill the supraclavicular spaces, a 

“buffalo hump” is present in the back of the neck, and “football suit” shoulders are seen, summarized

descriptively as a “horse collar” distribution (Figure 15-12). Parotid area deposits may produce a “chip-

munk” appearance. Laryngeal involvement leads to decreased vocal pitch, progressive dyspnea, and stridor.

Tracheal compression can contribute to dyspnea.29 Laryngoscopy shows edema and bulging of the false

cords, with marked narrowing of the airway at this level, and difficulty in visualizing the true vocal cords.

Radiography of the larynx shows a slit-like upper air passage and reduced vocal cord movement. Cervical

fatty accumulation occurs in the anterior neck, and preepiglottic fat lies anterior to the larynx.30

Neck dissection, with extensive removal of huge lipomas, failed to relieve one patient initially.25

Laryngoscopic incision of a thin translucent false vocal cord mucosa released herniated fat, with slight

improvement. A second open procedure via laryngofissure allowed excision of lipomatous tissue that

bulged through the thyrohyoid membrane and dissected between thyroid laminae and laryngeal mucosa.

Herniation of fat into the larynx extended from the anterior commissure to aryepiglottic folds posteriorly.

FIGURE 15-11 Tracheal diverticulum in a middle-aged male. The patient was asympto-
matic; the finding was radiological. A, Anteroposterior roentgenogram of the larynx and
upper trachea, with contrast. The diverticulum originates from the upper trachea. B, Lateral
views in expiration (left) and inspiration (right).
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The patient was fully relieved of respiratory and phonatory complaints and later underwent a further cosmetic

procedure. The fat removed from these patients does not seem to regrow. Mounier-Kuhn and Haguenauer

treated a similar patient by laryngoscopic excision of a posterior commissure lipoma.31 On the basis of this very

limited and scattered experience, the following approach seems prudent in case of upper airway obstruction in

symmetric lipomatosis colli:

1) Careful assessment with CT, tomography, laryngoscopy, and bronchoscopy.

2) Cervical exploration for removal of lipomatous tissue.

3) Laryngofissure, if required, for excision of intralaryngeal submucosal lipoma causing obstruction at

false cords or glottic structures.

4) Excision of mediastinal fat, if the trachea is compressed.

Intraoperative bronchoscopy should help to assess the extent of anatomic relief obtained at each step.

Airway edema must be watched for postoperatively. The long-term prognosis should be satisfactory, given

that lipomatous tissue does not seem to recur.

Vascular Compression

Note is made in Chapter 6, “Congenital and Acquired Tracheal Lesions in Children,” of the variety of con-

genital vascular anomalies that may cause airway obstruction. These include aortic vascular rings (double 
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FIGURE 15-12 Characteristic distribution of fat in sym-
metric lipomatosis colli. This patient underwent extensive
neck dissection and also laryngofissure to relieve airway
obstruction, as described in the text.
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aortic arch) with or without ligamentum arteriosum, pulmonary artery sling with or without congenital tra-

cheal stenosis, and prominent innominate artery. An anomalous subclavian artery, which passes behind the

esophagus and trachea, does not usually cause airway compression, except in conjunction with a right-sided and

right descending aortic arch with Kommerell’s diverticulum (See Chapter 32, “Surgery for Tracheomalacia,

Tracheopathia Osteoplastica, Tracheal Compression, and Staged Recontruction of the Trachea.”)  Aneurysm of

the thoracic aorta can obstruct the trachea and carina (Figure 15-13). A rare aneurysm of an anomalous sub-

clavian artery, which was otherwise previously asymptomatic, also caused tracheal obstruction.

An enlarged right atrium has been reported to compress the airway, as has massive dilation of

pulmonary artery due to congenital heart disease.

Postpneumonectomy Syndrome

In postpneumonectomy syndrome, a severely symptomatic airway compression is caused by extreme medi-

astinal shift and rotation, most frequently after a right pneumonectomy in the presence of a normal aortic

arch.32 Mirror image airway compression follows a left pneumonectomy in the presence of a right aortic

arch. After a right pneumonectomy, the mediastinum moves to the right and posteriorly, as viewed on CT

scans. Because of the attachments of the heart to the great vessels, the heart rotates counterclockwise with

the great vessels, as viewed on CT scans (Figure 15-14). Herniation of the left lung and overdistension of the

lung accompany this shift and rotation. In the most common situation, realignment of thoracic structures

results in tracheal displacement to the right, and compression of the left main bronchus and sometimes the

distal portion of the trachea, as the airway angles beneath the aorta and is flattened against the vertebral col-

umn or the descending aorta. The elongated residual pulmonary artery lies tightly against the anterior wall

of the compressed bronchus (Figure 15-15). Such tracheobronchial compression has also been encountered

in the analogous situation of displacement and rotation of the heart due to right lung agenesis.33

Similar anatomic distortion after a left pneumonectomy occurs in the presence of a right aortic arch.32

In this case, a clockwise rotation of the mediastinum is seen, with the trachea pulled to the left and the right

main bronchus compressed, overlying the vertebral column or aorta (Figures 15-16A,B). Because the right

main bronchus is so much shorter than the left, it is not uncommon to find that the right upper lobe

bronchus and the bronchus intermedius are also compressed against the vertebral column. Patients have also

been observed with this syndrome after a left pneumonectomy with a normal left-sided aortic arch (Figures

15-16C,D).34,35 A further variation was observed in a patient following a right pneumonectomy for infection

in a congenitally nonfunctional lung. The left lower lobe bronchus alone was compressed over the aorta, per-

haps due to limited left lung shift into a right hemithorax of chronically reduced volume (Figure 15-17).

Such an extreme shift was originally thought to occur principally or entirely in children. However,

Grillo and colleagues presented 11 adults with severe symptoms, only 1 of whom had undergone 

pneumonectomy in childhood.32 Seven were under the age of 30 years.

Radiographic demonstration of the intrathoracic realignment of the lung and mediastinum is an

integral part of evaluation of this syndrome. Conventional radiography shows marked lateral and posterior

displacement, but CT of the chest makes the rotation clear and shows the relationship of the airway to the

great vessels and the spine.36 Three-dimensional reconstruction adds further illumination. Multiplanar

images obtained on magnetic resonance scanning may also be of help. With these adjuncts, angiography is

no longer necessary for assessment. Bronchoscopy shows anterior–posterior or slightly oblique compres-

sion of the lower trachea and/or corresponding main bronchial origin (Figure 15-18). A small number of

these patients also develop severe malacia of the cartilages of the compressed segment so that restoration

of the mediastinal anatomy centrally fails to correct the airway obstruction. This is much more difficult to

identify preoperatively, either by bronchoscopy or by radiography. Intraoperative bronchoscopy after ini-

tial surgical correction may reveal malacia.



Kaunitz and Fisher proposed managing postpneumonectomy patients with indefinitely continued

pneumothorax.37 This seems impractical as a long-term solution for the problem. The available experience

of attempts at definitive surgical correction of the syndrome formerly consisted mostly of case reports of
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FIGURE 15-13 Thoracic aortic aneurysm obstruct-
ing the trachea and carina. A, Posteroanterior chest
roentgenogram. B, Lateral chest roentgenogram. C,
Computed tomography scan at the carinal level.

A B

C



416 Surgery of the Trachea and Bronchi

various techniques of treatment.38–40 Surgical correction is best accomplished by replacement of the medi-

astinum to normal anatomic relationships, to allow the compromised airway to return to its normal posi-

tion and patency (Figure 15-19).32,39 Mediastinal repositioning relieves mechanical obstruction of the

bronchial tree in those patients in whom malacia has not developed, and it also corrects overdistension of

herniated and hyperexpanded lung. Our experience with later recurrences in two earlier patients indicated

that simple replacement and suture fixation of the mediastinum alone is undependable, even though it may

occasionally work in the long term. Therefore, the empty hemothorax must be filled to prevent recurrence

of the disorder. We initially used silicone breast prostheses filled with silicone gel. However, after wide-

spread concern about the possible untoward effects of leaking silicone arose, we used saline-filled prosthe-

ses instead.32 This has seemed preferable to ping-pong ball plombage, in light of the very late complications

seen with the latter in the treatment of tuberculosis. Expandable prostheses have been used and recom-

mended for children and adolescents.40 The use of breast prostheses has now been applied more generally,

with success.41,42 Stenting has also been applied as primary treatment for the syndrome.43 Long-term results

of stenting will be needed to clarify both its continuing efficacy and safety.

FIGURE 15-14 After a right pneumonectomy with a left aortic arch, the heart and aortic arch are displaced to the right of the midline (dashed 
vertical line) and rotated (arrow). This results in displacement of the trachea and carina to the right and posteriorly. The left main bronchus is com-
pressed between the left pulmonary artery and descending aorta or vertebral column. The mirror image is seen after a left pneumonectomy with a
right aortic arch. Reproduced with permission from Grillo HC et al.32



At corrective operation, the side of the original pneumonectomy is reentered and the scar and adhe-

sions dissected sufficiently to permit repositioning of the heart and mediastinal structures to a normal cen-

tral location. After scarification of the pericardium anteriorly and of the retrosternal fascia, the pericardi-

um is fixed to the fascia behind the sternum with two rows of 0 Prolene sutures. Care is taken not to

produce tamponade by reefing up too much pericardium. Careful cardiac monitoring is essential during

this phase of the procedure (See Chapter 32, “Surgery for Tracheomalacia, Tracheopathia Osteoplastica,

Tracheal Compression, and Staged Reconstruction of the Trachea”).
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FIGURE 15-15 Postpneumonectomy syndrome in 
a 19-year-old woman, within 1 year after right 
pneumonectomy for bleeding from congenital cystic
disease. A, Chest roentgenogram shows the heart and
mediastinum displaced to the right with obliteration
of right pleural space. The lung is hyperexpanded and
herniated. B, Lateral roentgenogram demonstrates
posterior displacement of mediastinal contents and
anterior herniated lung. C, Computed tomography
scan shows the left main bronchus compressed
between the pulmonary artery and spine.
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FIGURE 15-16 Postpneumonectomy syndrome, following a left
pneumonectomy with a right aortic arch, in a 29-year-old woman,
16 months after pneumonectomy for congenital hypoplasia with
hemoptysis. She had dyspnea, cough, and increasing stridor. A,
Chest roentgenogram is essentially a “mirror image” of Figure 15-
15A. Lateral view corresponded. B, Computed tomography scan
shows right upper and middle lobe bronchi squeezed between the
pulmonary artery and aorta and spine.
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FIGURE 15-16 (CONTINUED) Postpneumonectomy syndrome in a 26-year-
old woman, 14 years after a left pneumonectomy in the presence of a normal
left-sided aorta. Short carinal resection had also been necessary. Dyspnea
was of 3 years duration. C, Computed tomography (CT) scan shows the
bronchus intermedius (arrow) compressed against the vertebra. A = ascend-
ing aorta; D = descending aorta; M = main pulmonary artery; R = right pul-
monary artery. D, CT scan after corrective surgery. Lung volume is returned
to normal and the main bronchus is on the right of the spine.
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Repositioning alone is insufficient, since the pericardium will eventually work its way free if the

hemithorax is not filled. A prosthetic volume is selected which is sufficient to fill the space without com-

pressing the heart and remaining lung, which have been returned to the heart’s original position and to a

more normal lung volume. Initially, I dropped four intercostal muscle bundles with their attached costal

periosteum against the pericardium, leaving the muscles attached anteriorly and posteriorly in the manner

of Kergin’s modified thoracoplasty.44 Periosteum was left on the lateral surfaces of the ribs to maintain bony
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FIGURE 15-17 Postpneumonectomy syndrome after a right pneumonectomy with obstruction of the left lower lobe bronchus alone, in a 39-year-old
woman who had a right pneumonectomy 1 year before because of abscess, pneumonia, and hemoptysis in a congenitally cystic lung with ectatic
bronchi and vascular anomalies. Six months later, she recognized progressive dyspnea, which became incapacitating. A, Computed tomography scan
shows near complete obstruction of the left lower lobe bronchus (arrow) between the pulmonary artery and aorta. The upper lobe bronchus was rotat-
ed but open. Note the reduced volume of the right hemithorax related to the relatively nonfunctional right lung, which had resided there. Reposi-
tioning and insertion of saline-filled prostheses produced complete relief. Pre- (B) and postoperative (C) bronchoscopies. The lower lobe bronchus is
a mere slit preoperatively (arrows). Both primary divisions of the upper lobe are seen. Both lobar orifices are widely patent postoperatively.
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integrity. The intent was to provide a firm partition, which would solidify as the periosteum calcified and

so maintain the mediastinal repositioning, even if the prosthetic filler had to be removed later. This proved

to be unnecessary, and we now simply fill the hemithorax with saline-containing prostheses of appropriate

volume. The patency and stability of the airway is checked intraoperatively by flexible bronchoscopy after

repositioning, and again after prosthetic placement. It is then rechecked when the patient is placed supine

on the table after completion of the operation. The cardiopulmonary dynamics are also observed closely as

the patient is placed on his/her back after the chest has been closed. Sometimes, it is found that as the tho-

racic incision is closed, the prosthetic volume proves to be too great and produces a tamponade effect. The

partially closed incision is reopened and the volume adjusted.

In 10 patients who initially underwent mediastinal repositioning, including 2 who had recurrence

prior to the use of prosthetics to maintain repositioning, 5 did well. One died a month later, presumably

from pulmonary embolism. The seventh patient showed significant residual airway malacia, and the tra-

chea was later reconstructed. Three other patients who had severe malacic obstruction of the airway after

mediastinal repositioning underwent a variety of procedures, most of which involved aortic division to

remove the compressive presence of the aorta, using bypass grafts, and in some, tracheobronchial recon-

struction. Two patients died postoperatively, and 1 patient remains well many years later. It is clear that the

problem of severe malacia in this syndrome has not yet been solved. Today, it is probably best to consider

stenting the airway if such a case appears. Mediastinal repositioning generally seems prudent in order not

to force a foreign body, such as a stent with semirigid components, into a bronchus that is pinched between

the pulmonary artery and sometimes the aorta, where erosion would be disastrous. However, one frail,

elderly patient, who had severe obstruction after a right pneumonectomy many years earlier for tuberculo-

sis, was successfully palliated for some years by insertion of a specially constructed, extra-long silicone T

tube. As noted, others have reported short-term success, at least, with stents.43 We have not encountered

severely malacic airways in 11 additional patients operated upon since the original report.

Pulmonary function studies demonstrated improvement in flow rates and a decrease in hyperinfla-

tion of the lung (Tables 15-2, 15-3; Figure 15-20).32 Improved flow is reflected by an increase in the peak

FIGURE 15-18 Typical bronchoscopic appear-
ance of the junction of the trachea and left
main bronchus in postpneumonectomy syn-
drome, 2 years following a right pneumonectomy
for trauma in an 18-year-old male. Also, see
Figure 40 (Color Plate 16).



expiratory flow rate and in the ratio of the forced expiratory volume in 1 second to the forced vital capac-

ity (FEV1/FVC). The increase in peak flow was associated with loss of an upper airway obstruction plateau

and was primarily due to relief of tracheal compression. The improvement in the FEV1/FVC ratio from a

moderately obstructed value of 0.52 to a value in the normal range of 0.75 was due to several factors. First,

the decrease in FVC due to relief of hyperinflation was always greater in absolute amount than the decrease

in FEV1. Second, upper airway obstruction was so severe in 3 patients that relief of tracheal compression
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FIGURE 15-19 Postoperative images after mediastinal repositioning with implantation of saline-filled breast prostheses. A, Chest x-ray film of the patient
seen in Figure 15-15A. The trachea and mediastinum are returned to the midline and the lung to normal volume. B, Computed tomography scan of this
patient shows the outline of the prostheses, and return of the left main and upper lobe bronchi to normal location and patency. C, Chest x-ray film of the
patient from Figure 15-16A. D, Computed tomography scan shows right main and upper lobe bronchi widely open and to the right of the spine.

A

B

C

D



Table 15-2 Mediastinal Repositioning for Postpneumonectomy Syndrome: Preoperative and Postoperative Spirometry

Preoperative Testing (% Predicted) Postoperative Testing (% Predicted)

FEV1 (L) FVC (L) FEV1/FVC PEFR (L/sec) FEV1 (L) FVC (L) FEV1/FVC PEFR (L/sec)

1.48 (60%) 2.54 (77%) 0.58 (70%) 2.21 (37%) 1.31 (53%) 1.68 (53%) 0.78 (101%) 3.1 (52%)

1.07 (29%) 1.66 (39%) 0.64 (73%) 1.97 (29%) 1.17 (35%) 1.52 (39%) 0.77 (80%) 2.5 (36%)

0.35 (9%) 1.78 (40%) 0.19 (22%) 0.48 (7%) 1.85 (47%) 2.17 (47%) 0.85 (101%) 3.37 (46%)

1.72 (61%) 2.44 (72%) 0.71 (87%) 2.31 (40%) 1.35 (52%) 1.78 (56%) 0.76 (93%) 2.63 (51%)

0.81 (20%) 1.57 (31%) 0.52 (67%) 1.89 (20%) 1.15 (28%) 1.77 (34%) 0.65 (83%) 3.67 (39%)

1.23 (26%) 3.08 (54%) 0.4   (48%) 2.88 (29%) 1.66 (35%) 2.66 (47%) 0.63 (76%) 4.5 (45%)

1.67 (52%) 2.83 (75%) 0.59 (69%) 3.1   (48%) 1.41 (43%) 1.73 (46%) 0.81 (94%) 3.91 (61%)

Mean ± SE 1.19±0.19 2.27±0.23 0.52±0.07 2.12±0.32 1.41±0.10* 1.90±0.15* 0.75±0.03† 3.38±0.27†

Reproduced with permission from Grillo HC et al.32

FEV1 = forced expiratory volume in 1 sec; FVC = forced vital capacity; PEFR = peak expiratory flow rate; SE = standard error.

*Not significantly different from the preoperative value.
†p < .05 preoperative value.

Table 15-3 Preoperative and Postoperative Plethysmography

Preoperative Testing (% Predicted) Postoperative Testing (% Predicted)

TLC (L) RV (L) RV/TLC TLC (L) RV (L) RV/TLC

3.5   (72%) 1.06 (64%) 0.3   (90%) 2.43 (51%) 0.63 (40%) 0.26 (76%)

7.55 (105%) 5.98 (241%) 0.79 (229%) 3.62 (49%) 1.85 (73%) 0.51 (148%)

5.69 (76%) 2.61 (141%) 0.46 (186%) 4.2   (56%) 1.54 (83%) 0.37 (150%)

7.36 (144%) 4.53 (290%) 0.62 (203%) 3.36 (66%) 1.63 (104%) 0.49 (161%)

Mean ± SE 6.03±0.94 3.55±1.08 0.54±0.11 3.40±0.37* 1.41±0.27† 0.41±0.06†

Reproduced with permission from Grillo HC et al.32

RV = residual volume; SE = standard error; TLC = total lung capacity.
*p < .05 versus preoperative value.
†Not significantly different from preoperative value.
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FIGURE 15-20 Changes in pulmonary function after mediastinal repositioning
for postpneumonectomy syndrome. A, Peak expiratory flow rates (PEFR, L/sec),
pre- and postoperatively. All showed improvement. B, Forced expiratory volume
in 1 second (FEV1), as a percent of forced vital capacity (FVC). Variable
improvement resulted. C, Ratio of residual volume (RV) to total lung capacity
(TLC) measured pre- and postoperatively. RV decreased in all, as a percent of
total lung capacity. D, Pre- and postoperative flow volume curves in a patient.
FEV1 rose from 0.35 L (9%) to 1.85 L (47%) and FVC from 1.78 L (40%) to
2.17 L (47%). Note the change in the shape of the curve. Reproduced with per-
mission from Grillo HC et al.32
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resulted in an increased FEV1. It is also possible that the severity of hyperinflation inhibited elastic recoil of

the lung. There was marked decrease in all static lung volumes, total functional residual capacity, and resid-

ual volume. A decreased residual volume or total lung capacity resulted. Clinical symptomatic improve-

ment following repositioning may be more significant than measured function.

There is no explanation from this study, subsequent patients, or other reports as to why such extreme

displacement and rotation occurs in a small subset of patients who undergo pneumonectomy. The low inci-

dence does not seem to justify attempts at prophylactic filling of the postpneumonectomy space in every

patient undergoing pneumonectomy, if there is any risk. Prophylaxis might be advisable if a permanent and

wholly innocuous method of filling the hemithorax were to be discovered.

Straight Back Syndrome

Straight back syndrome is a rare congenital presentation of a perfectly vertical cervicothoracic vertebral

spine with absence of normal dorsal curvature. A degree of pectus excavatum is often present, and mini-

mal space is noted between the posterior aspect of the upper manubrium and the vertebral spine (Figure

15-21).45 Dyspnea may occur and restrictive ventilatory defect has been variably described, but some

patients have no respiratory complaints. Palpitations and chest pain are other occasional complaints. Mitral

valve prolapse is associated. Systolic murmur may be heard. The heart appears enlarged on a

roentgenogram but is really displaced to the left by the bony deformities. Pulmonary hypertension during

exercise, secondary to elevated pulmonary venous pressure, may be due to compression of the left inferior

pulmonary vein against the aorta and the left atrium against the spine.

In a 20-year-old patient with dyspnea, which progressed over several years, the trachea was severely

compressed against the vertebral column by the posterior ridge of the upper sternum, and was further

indented by the brachiocephalic artery because of a limitation of mediastinal space due to a mild pectus

excavatum deformity (Figure 15-22). The distance between the back of the upper sternum and vertebrae

measured 1.5 cm. In addition, the lower trachea was splayed out against the vertebral column. Bronchoscopy

clearly confirmed these three points of compression. Another patient presented to us with her trachea com-

pressed between the back of the sternum, and a vertical spine, which had followed insertion of a rod for

treatment of scoliosis in childhood. The trachea was also significantly indented by the brachiocephalic artery.

Whereas this may be an example of an “acquired straight back syndrome,” it might be noted that Winter and

colleagues called attention to a significant diminution in pulmonary function in patients with idiopathic 

lordoscoliosis compared to those with kyphoscoliosis.46 Operative correction (Harrington rods and vertebral

fusion) usually improved pulmonary function in these patients and also enlarged the space between the ster-

num and vertebral column. Change in the thoracic inlet, however, was not commented upon.

Our first patient was transferred intubated for acute respiratory distress. Mild pectus excavatum was

present. Its correction would not have relieved the tracheal obstruction. The upper point of compression was

relieved by excising a plate of the upper sternum, removing the backward folding upper ridge of the manu-

brium, and thinning the residual plate of the sternum before replacing it. The brachiocephalic artery was

transplanted more proximally and laterally on the ascending aorta to place it parallel to the trachea rather

than across the trachea. The third point of narrowing, the distal trachea, was enlarged by fixing the cartilages

and membranous wall to a vertical posterior Marlex splint, which returned the cartilages to a normal “C”

shape (See Chapter 32,“Surgery for Tracheomalacia, Tracheopathia Osteoplastica, Tracheal Compression, and

Staged Reconstruction of the Trachea”). The result was excellent (Figure 15-23). The patient with the appar-

ently acquired problem was treated in similar fashion for upper tracheal compression, since no distal tracheal

problem existed. Continued intermittent obstruction, on rolling the clavicular heads forward and inward,

necessitated their removal later. Professor Philippe Dartevelle and colleagues (personal communication, 1996)

treated a patient with sternal tracheal compression by dividing the sternum and wedging a plate of methyl
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FIGURE 15-21 Straight back syndrome. A, Lateral view shows the narrowness of the patient’s chest, mild pectus excava-
tum, and a spine lacking normal curvatures. B, Posterior view. Absent curvature of the vertebral column is evident. C,
Chest roentgenogram. The flattened trachea appears broad and widens even more distally. D, Lateral roentgenogram
emphasizes the straight vertebral column. Note the narrowness of the thorax.
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methacrylate between the bony edges. Dr. John C. Wain, at Massachusetts General Hospital, managed a

patient with straight back syndrome and pronounced pectus excavatum deformity, by performing a thorough

correction of the pectus problem with osteotomies in both the manubrium and gladiolus. The correction was

held in place by an Adkins strut. This successfully opened the trachea, which had been compressed to 

one-third of its normal cross-sectional area. Mori and colleagues corrected an asymptomatic but severe 

midtracheal stenosis caused by abnormal ossification behind the top of the manubrium, but in a patient with

a vertebral column typical of straight back syndrome.47 Andrews and colleagues described a narrowed antero-

posterior thoracic dimension due to severe pectus excavatum and kyphoscoliosis, which produced “obstruc-

tive sleep apnea” in a 5-year-old, due to compression of the distal trachea and left main bronchus.48 This 

problem was corrected by pectus repair and aortic suspension. A 15-year-old suffered progressive exercise

dyspnea due to tracheal compression by the brachiocephalic artery because of a narrowed thoracic antero-

posterior diameter. This was corrected by lateral transplantation of the artery. The curve of the spine was not

described in this patient.

Tracheal compromise in similar situations has probably been overlooked in numerous instances. The

severity and complexity of the defects vary in the cases cited, which thus far are the only reported instances

A

B

FIGURE 15-22 Straight back syndrome in a 20-year-
old male with extreme dyspnea, transferred intubated.
A, Computed tomography (CT) scan at the thoracic
inlet. The trachea is flattened to a slit between the
manubrium sterni (and also by the brachiocephalic
artery) and the vertebral column. Haller’s “pectus
index” (ratio of transverse internal diameter of the
thorax to anteroposterior distance between sternum
and vertebra, measured on CT scan) is 10.8:1 in this
patient. Normal is < 3.25. In Haller’s 13 to 18-year-
old group of patients selected for pectus repair, the
maximum indices were about 5:1 (Haller JA Jr,
Kramer SS, Lietman SA. Use of CT scans in selection
of patients for pectus excavatum surgery: a prelimi-
nary report. J Pediatr Surg 1987;22:904–6). B, The
distal trachea is splayed against the vertebral column,
with a widened membranous wall.



of which I am aware. Precise identification of the points of compression and their causes will guide the

design of a corrective procedure along the lines illustrated in these necessarily anecdotal reports.
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FIGURE 15-23 Postoperative computed
tomography scans in the patient seen in 
Figure 15-22, showing a very adequate lumen
in both the upper (A) and lower (B) trachea.
Note the sternal alteration in A, compared
with Figure 15-22A, and the thickened mem-
branous wall of the trachea in B, compared
with Figure 15-22B.
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Bronchial Sleeve Resection
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Henning A. Gaissert, MD

History

Surgeons began to develop an interest in preserving normal lung in an era when many parenchymal resec-

tions were done for tuberculosis or bronchiectasis and the complications and functional limitations of

pneumonectomy became known. Griffith performed one of the first bronchial resections in 1947, for a

post-traumatic stricture of the left mainstem bronchus.1 In the discussion of a paper on experimental

bronchial anastomosis, Jackson and colleagues recounted a patient in whom intraoperative separation of

the left upper lobe bronchus from the mainstem required circumferential repair.2

Sir Clement Price Thomas gave a detailed account of sleeve lobectomy and the clinical observations

that led to its development.3 He entitled his observations “Conservative Resection of the Bronchial Tree”

and found it important to introduce the topic with a description of segmental resection. The common

denominator, of course, was not only the sparing of functioning normal lung but also the extent of hilar

dissection and control required for both procedures. The first publications by Paulson and Shaw,4,5 Price

Thomas, and others described a range of bronchoplastic procedures, among them lateral resection of the

bronchus, folding of bronchial flaps, and even dermal grafts.6 Sleeve lobectomy has endured as a distinct

procedure, because the underlying concept, excision of a tube of airway and attached parenchyma with

reconstruction by anastomosis, is sound and has been applied successfully to every lobe.

The first sleeve lobectomy was done in 1947 for a “bronchial adenoma” of the right upper lobe in a Royal

Air Force cadet. The patient went on to active flying duty, a status he could not have achieved had pneu-

monectomy been performed. Price Thomas reported the case 8 years later, an inconceivably long interval by

today’s standards. He and Johnston and Jones7 gave credit to Philip Allison for the first sleeve lobectomy

undertaken for bronchogenic carcinoma in 1952, which also entailed a pulmonary arterial resection yet was

never published. Paulson and Shaw reported a variety of bronchoplastic procedures in 16 patients with inflam-

matory and neoplastic airway disease, without operative mortality; they performed 2 sleeve lobectomies for

tuberculous bronchostenosis and 4 for cancer.4 By 1959, Johnston and Jones had already collected a series of
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98 sleeve lobectomies for bronchogenic carcinoma, with an operative mortality of 8%. Two deaths resulted

from fistulae between the bronchus and pulmonary artery. In 1991, Newton and colleagues described 27 main

bronchial sleeve resections for neoplastic and other lesions with complete pulmonary conservation.8

The early contributions on this subject are remarkable for the clarity with which the potential of the

operation was recognized and, in retrospect, for how little has been added since. The use of sleeve lobectomy

for cancer was encouraged by Nohl-Oser’s then-recent studies of lymphatic spread, which established that

lower and middle lobe nodal disease was uncommon in upper lobe tumors.9 The procedure was at first 

considered solely for patients who, for lack of cardiopulmonary reserve, could not undergo pneumonectomy.

However, by 1970, a majority of the sleeve lobectomies that Paulson and colleagues had performed for

bronchogenic cancer were in candidates with adequate cardiopulmonary reserve, rather than just in com-

promised patients.10 The concept of sleeve resection was also almost immediately applied to resections of

the pulmonary artery. Johnston and Jones had 5 patients with combined bronchial and arterial resections.7

The intervening four decades have added validity to the oncologic value of sleeve lobectomy, provided

methods to secure and separate the bronchial anastomosis to prevent fistula formation, extended the con-

cept to more peripheral pulmonary units, and advanced the functional studies of the reimplanted lobe.

Time has not changed the basic concept or the indications for this procedure.

Indications

The operation is indicated in bronchogenic cancers and other primary benign or low-grade malignant tumors

of the airway that extend to the lobar bronchus or into the adjacent mainstem bronchus. It is also indicated in

certain cases of benign stenosis. The term “sleeve lobectomy” refers to resection of a circumferential sleeve of

mainstem bronchus contiguous with a pulmonary lobe, whereas “bronchial sleeve resection” is used to describe

excision of the airway with sparing of parenchyma. Bronchogenic carcinomas usually predominate when

reported with other lesions in collective series of sleeve lobectomy. Lowe and colleagues found 20 patients with

lung cancer and 7 patients with other airway tumors.11 Among 104 patients treated by Watanabe and col-

leagues, there were 89 with lung cancer, 8 with benign or low-grade airway tumors, and 7 with inflammatory

strictures.12 Suen and colleagues noted 58 lung cancers and 19 low-grade bronchial malignancies among 77

patients undergoing sleeve resections.13 In an earlier report from Massachusetts General Hospital (MGH), Frist

and colleagues reported a more balanced distribution between bronchogenic carcinoma in 33 patients and

other indications in 31 patients; among the latter were 24 other airway tumors and 7 benign strictures.14

Lung Cancer

Ever since its introduction, sleeve lobectomy has made an important impact on the surgical treatment of

lung cancer. When considering surgical options and prognosis, it is useful to distinguish four anatomic sit-

uations (as detailed in Table 16-1) in two groups of patients. The first and classic anatomic situation is a

tumor found on bronchoscopy to arise in a lobar bronchus so as to preclude standard lobectomy. The sec-

ond situation is where a carcinoma extrinsic to the airway may extend to the lobar bronchus. In the third

situation, the bronchial margin may be found on frozen section to contain tumor. Finally, the fourth is

Table 16-1 Relative Distribution of Anatomic Indications for Sleeve Lobectomy in Bronchogenic Carcinoma

First Author, Number of Endobronchial Extraluminal Involved Lymph Node

Year Patients Tumor (%) Extension (%) Margin (%) Adherence (%)

Gaissert,15 1996 72 75.0 8.3 5.5 11.1

Tronc,16 2000 175 38.6 13.6 26.6 13.0



where a lymph node with metastasis may adhere to the confluence of lobar and main bronchus and thus

dictate resection of a sleeve of airway. Conversely, a metastatic node without adherence to the bronchus is

not currently considered an indication for sleeve lobectomy. Table 16-1 lists the relative distribution of

patients in two recent series among these anatomic situations. Among 72 patients in the MGH series, 6

patients had central tumors that extended into the bronchial wall and none survived for more than 2 years,

suggesting in this limited experience that patients with adequate cardiopulmonary reserve and tumor per-

meation should undergo pneumonectomy.15 Most patients require upper lobe sleeves and only a minority

require lower lobe resections (Table 16-2).

At first conceived for patients unable to tolerate pneumonectomy, sleeve lobectomy has rapidly

become an option for patients suitable for the more radical procedure. The former group of patients has

been termed “compromised,” whereas the latter group with adequate cardiopulmonary reserve is named

“deliberate” or “elective.” Table 16-2 lists the composition of recent surgical series according to the degree

of cardiopulmonary reserve and tumor histology. The evidence for the oncologic equivalence of sleeve

lobectomy and pneumonectomy has remained circumstantial and is based on retrospective comparison of

heterogeneous groups.13,15–21 However, there is now a broad clinical consensus to perform elective sleeve

resection rather than pneumonectomy, provided that a complete resection is performed. According to

Weisel and colleagues, in patients with uncompromised lung function, “…ipsilateral, intranodal metastases

at the tracheobronchial angle are not a contraindication to upper sleeve lobectomy. However, nodal metas-

tases in the major fissure constitute a contraindication to sleeve resection.”19 The success of elective sleeve

lobectomy, and the prognosis of the individual patient, would seem to depend greatly on the intraopera-

tive diligence of the surgeon in assessing the extent of disease.

Benign or Low-Grade Malignant Tumors of the Airway

A variety of primary airway tumors may necessitate sleeve lobectomy by their location within the airway.

Table 16-3 lists the diagnosis of 99 benign or low-grade malignant airway lesions treated at the MGH.22 Half

of these required sleeve lobectomy, the other half needed bronchial sleeve resection. Patients ranged in age

from 3 to 68 years, with a mean age of 42 years. Only 3 of 54 carcinoid tumors had lymph node involve-

ment, involving a single node in each instance.
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Table 16-2 Cardiopulmonary Reserve and Histology in Recent Surgical Series

Share (%) 

of all Cardiopulmonary

Number Resections
Reserve Histology % Lower

First Author, of for Lung Adequate Compromised Squamous Adeno Others Lobe

Year Patients Cancer (%) (%) (%) (%) (%) Resections

Watanabe,12* 1990 72 9.2 87.6 6.7 5.6 19

Gaissert,15 1996 72 51 49 68 26 6 14

Tronc,16* 2000 175 71.4 10.8 17.7 4.9

Okada,17* 2000 151 12.6 60 35 6

Weisel,19 1979 70 7 61 39 88.5 11.4 0 11

Faber,20 1984 101 75 8.0 17 16

Icard,21 1999 110 59 41 86 9 4.5 13

Data in Okada and colleagues17 were derived from 60 procedures paired with pneumonectomy. Icard and colleagues21 performed a large wedge resection in 83% of their patients,

leaving a small part of the bronchial wall intact.

References denoted with an asterisk included a small number of lesions other than bronchogenic carcinoma or procedures other than sleeve lobectomy.
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Benign Strictures 

Inflammatory strictures requiring resection of the lung and adjacent main bronchus are rare and are

almost always caused by tuberculosis (TB). Resection cannot be recommended in the presence of active

TB or when active disease remains after resection. The adverse outcome under such circumstances is

illustrated by Price Thomas’s first patient to undergo a bronchoplastic procedure for benign disease.3

This patient, who had a stricture of the distal mainstem bronchus and diffuse lobar disease, continued

to have positive sputum and required a completion pneumonectomy 6 months later. Pharmacologic

control has led to virtual disappearance of bronchial TB in the United States and Western Europe, and

series of benign bronchial strictures now originate from regions where TB remains endemic. Kato and

colleagues reported 36 patients with tuberculous airway stenosis over a 36-year period.23 As shown in

Figure 16-1, 13 patients had left upper sleeve lobectomy, 12 patients had sleeve resection of the left main

bronchus (of whom 2 underwent concomitant left upper lobectomy), 5 patients had right upper sleeve

lobectomy, 2 patients had sleeve resection of the right intermediate bronchus, and each of the remain-

ing 4 patients had, respectively, right sleeve superior segmentectomy of the lower lobe, sleeve resection

of the trachea with concomitant left pneumonectomy, carinal resection with right upper sleeve lobec-

tomy and middle lobectomy, and dilatation of the left main bronchus with a free skin graft reinforced

with a steel wire. In another Japanese series, Watanabe and colleagues saw 19 benign strictures over a

21-year period.12 A histologic diagnosis of TB was made in 7, whereas the diagnosis was clinical in the

others due to the typical location of the stricture. Of 12 patients undergoing surgical therapy, 4 under-

went right upper and 3 had left upper sleeve lobectomy.

Table 16-3 Pathology of 99 Low-Grade Malignant or Benign Bronchial Lesions Resected by Bronchial

Sleeve Resection With (n = 49) or Without Lobectomy

Pathologic Type Number of Cases

Low-Grade Malignancy (70%)

Carcinoid 54

Mucoepidermoid carcinoma 7

Fibrous histiocytoma 5

Adenoid cystic carcinoma 2

Granular cell tumor 1

Hemangiopericytoma 1

Benign Masses (8%)

Polypoid glandular neoplasm 1

Inflammatory pseudotumor 1

Lymphoid aggregate 1

Mucus gland cystadenoma 2

Hamartoma 3

Stenosis (22%)

Histoplasmosis 4

Inflammatory 3

Idiopathic 2

Post-traumatic 6

Postoperative 7

Adapted from Bueno R et al.22



Bronchial disruptions may rarely require sleeve lobectomy.24 Most injuries respond to repair by sim-

ple closure. Two of the 6 late post-traumatic stenoses reported by Bueno and colleagues (see Table 16-3)

required bronchial sleeve resection with or without sleeve lobectomy after failed repair elsewhere, whereas
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FIGURE 16-1 Extent of airway resection and reconstruction in 36 patients with tuberculous bronchostenosis, as reported by
Kato and colleagues.23 Reprinted with permission from Kato R et al.23
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4 developed a delayed stenosis.22 Benfield has emphasized the importance of involving trained thoracic sur-

geons in the care of these patients, and to recognize and repair the injury early with minimal loss of lung.25

Bronchial Resection in Children

Resection in children is performed for rare endobronchial tumors.26 Six of 12 patients undergoing

sleeve resection of the lower trachea or bronchi at MGH had main bronchial resections, with sleeve

lobectomy in 3 of them.27

Preoperative Evaluation

As in other patients with lung cancer, standard evaluation begins with an accurate history and physical

examination. Radiographic evaluation includes a chest radiograph and computerized tomography. Mag-

netic resonance imaging is not routinely obtained to determine extent of airway involvement, but may pro-

vide useful information on vascular invasion. Further radiographic staging examinations are obtained

depending on individual circumstances. I perform cervical mediastinoscopy routinely for lung cancer, with

selective addition of anterior mediastinotomy in patients with left-sided upper lobe or central tumors.

The functional evaluation is no different from other patients undergoing pulmonary resection. The

predicted postoperative lung function may be calculated from preoperative pulmonary function studies

and ventilation-perfusion scintigraphy to establish whether an individual patient would tolerate a lobectomy

or a pneumonectomy (see “Postoperative Function below”).15,28,29

In their report on tuberculous bronchostenosis, Kato and colleagues emphasized the importance of

bronchoscopy to rule out active disease before a decision is made to perform resection.23 They further rec-

ommended TB drug therapy for at least 6 months before resection, even when stenosis was only thought

to be due to TB.

The need for resection of the pulmonary artery in carcinomas of the upper lobes is usually estab-

lished at the time of thoracotomy, although a pulmonary angiogram30 or magnetic resonance imaging may

give information about arterial involvement.

Technique

The operative technique for bronchial and arterial sleeve resection is detailed in Chapter 30, “Main and

Lobar Bronchoplasty.” The standard approach is through a posterolateral thoracotomy. A lateral thoraco-

tomy through a vertical incision along the anterior border of the latissimus dorsi muscle is the author’s

preference. The chest is explored and nodal sampling performed in lung cancer or carcinoid tumor to assess

the extent of metastasis. If sleeve lobectomy is planned in a patient who would tolerate a pneumonectomy,

a high level of confidence should exist about the absence of metastatic nodal disease. Such confidence

requires sampling and intraoperative frozen section of abnormal and representative lymph nodes from the

fissure and along the bronchus of the lobe to be preserved. To this point, the thoracic procedure is identi-

cal to a standard lobectomy.

The bronchus is isolated and divided. In tumors, this occurs with a single sharp incision through

normal tissue. For tuberculous bronchostenosis, Kato and colleagues recommend transection close to

or at the stenotic segment, with additional resection after examination of the bronchial lumen from the

inside.23 Kato and colleagues state that the affected bronchus should have no residual malacia and

emphasizes that “excessive tension at the anastomosis caused by extensive resection would do more

harm than would a slight remaining stenosis.” In neoplastic disease, frozen section analysis is obtained

by sending a thin ring of tissue from the two ends of airway to be anastomosed. No attempt is made to

tailor either end of the bronchus. Figure 16-2 describes the extent of pulmonary arterial resection in 14

patients reported by Ricci and colleagues.31



Postoperative Care 

The elements of care for patients after a sleeve lobectomy closely resemble that after standard lung resection.

Careful attention should be given to the relief of postoperative pain, early ambulation, and relative fluid

restriction supplement measures to encourage deep breathing and mobilization of respiratory secretions.

Postoperative attention to the anastomosis varies in the reported series according to the bias of the

individual surgeon. It is good practice to view the anastomosis by bronchoscopy at the time of surgery,

preferably before closure of the chest when corrective action can be taken, and again before discharge of the

patient from the hospital. Such a liberal use of bronchoscopy identifies not only many normal anastomoses,

but also the rare and unexpected problem that requires closer follow-up. Even when bronchoscopy is per-

formed only selectively, it must be done when obvious problems are found, that is, atelectasis, pneumothorax,

unexplained fever, or hypoxia, to rule out stricture and bronchial dehiscence.

A stricture may be observed when pneumonia and sepsis are absent. Early narrowing of the anas-

tomosis may be caused by mucosal swelling, which should improve with time. Bronchial stenosis may

not be obvious during the initial hospitalization, and continued attention to new symptoms should

extend over the first 3 months after operation. New onset of wheezing, pneumonia, or atelectasis in the

reimplanted lobe should prompt a bronchoscopic examination. Strictures at the anastomosis that arise

beyond 3 months may represent a local recurrence; a biopsy should be performed. Dilatation of the

anastomosis is best delayed for the first 3 weeks after the operation, but secretions should be removed

aggressively and, if necessary, repeatedly. A stricture that recurs after dilatation may require placement

of a bronchial stent or a surgical attempt to reconstruct the anastomosis.
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FIGURE 16-2 Resection of the pulmonary artery in
14 patients with extrapericardial vascular involve-
ment, as performed by Ricci and colleagues.31 Panel
A denotes sleeve resections, and panel B shows par-
tial resections reconstructed with a pericardial patch.
The numbers indicate the number of patients with
each type of resection. Reprinted with permission
from Ricci C et al.31
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When a dehiscence is discovered, its extent should be quantified. A partial dehiscence may be

observed; however, an accompanying pneumothorax should be drained with a chest tube and every effort

should be made to achieve complete expansion of the lung. If a fistula is large and is detected early, one may

try to reconstruct the anastomosis. When discovered late or if the reimplanted lung is septic, completion

pneumonectomy may need to be performed.

Pre- or postoperative steroids are generally regarded as contraindicated in resections of the air-

way, because of adverse effects of bronchial healing observed in tracheal surgery and lung transplanta-

tion. This reluctance to use steroids is not shared by Rendina and colleagues, who performed a ran-

domized study of low-dose intra- and postoperative steroids in patients undergoing bronchial sleeve

resection.32 Their regimen consisted of methylprednisolone, given at 10 mg intravenously during

surgery and daily for up to 10 days, intraoperative bronchial lavage with hydrocortisone succinate at

250 mg, and daily inhalations of 5 mg of methylprednisolone. They found that healing of the bronchial

anastomosis in the low-dose steroid group occurred without edema or ulceration, although there was 

1 dehiscence and 1 granuloma in the patients treated with placebo. Thus, healing was not impaired, and

perhaps improved, by use of low-dose corticosteroids in airway anastomoses exposed to a low degree of

tension.

Operative Results

The operative mortality of sleeve lobectomy consistently resembles that of standard lobectomy and is

notably lower than that of pneumonectomy. This experience, repeated in virtually every retrospective com-

parison, supports a preference for bronchoplastic procedures over pneumonectomy. In their review of

bronchoplastic operations reported over the 12-year period preceding 1990, Tedder and colleagues sum-

marized results in 1,915 patients.33 They found a 30-day mortality of 7.5%; the four most common caus-

es of death were respiratory failure, cardiac events, pneumonia, and pulmonary embolus. Since then, the

operative mortality at centers experienced in sleeve resections has declined further, along with that of stan-

dard resections, due to improvements in patient selection and perioperative care. Complications specific to

the bronchial anastomosis are reduced due to the availability of absorbable suture material that causes min-

imal tissue reaction. The existing difference in the early results of patients with adequate and those with

compromised lung function is expected to persist, although the mortality of patients with cardio-

pulmonary limitations has declined as well.

Table 16-4 summarizes operative mortality, morbidity, and bronchial complications in seven modern

series. The reports by Weisel and Faber and their colleagues cover the early experience with sleeve lobecto-

my when silk, steel, Tevdek, or chromic catgut were used at the anastomosis.19,20 Some of these patients also

received preoperative radiotherapy with deleterious effects on bronchial healing. According to current

knowledge, preoperative radiotherapy is only indicated for selected patients with confirmed ipsilateral

mediastinal (N2) lymph node involvement. Few patients (less than 10% in most series) undergo sleeve

lobectomy for stage IIIA disease. In these cases, careful protection of the bronchial anastomosis with an

omental flap should be considered, both to separate the bronchus from the pulmonary artery and to pro-

mote capillary growth into the bronchus.

Bronchovascular and bronchopleural fistulae should be rare when using a circumferential wrap of

pedicled pericardial fat or pleura around the anastomosis. Kutlu and Goldstraw reported on 100 consecu-

tive tracheobronchial anastomoses performed with a continuous Prolene suture (Ethicon Inc., Somerville,

NJ) without tissue coverage.34 There were 3 partial anastomotic dehiscences, with death from a broncho-

atrial fistula in 1 patient and completion pneumonectomy in another. Late bronchial stenosis occurred in

3 of 66 sleeve lobectomies. Thus, good anastomotic technique in the absence of tissue coverage may pre-

vent the disaster of a communication between the airway and vascular structures in most patients.



Postoperative Function

Experimental Data

The early clinical experience had not provided sufficient information as to how much the reimplanted lung

contributes to overall lung function, particularly in the early postoperative period. Yet, sleeve lobectomy is

frequently used in patients with a marginal lung reserve, who are sensitive to even temporary loss of func-

tion or an important pulmonary arteriovenous shunt. Wood and colleagues compared the standard right

upper lobectomy to a sleeve lobectomy in dogs, using differential bronchospirometry, and found that oxy-

gen uptake dropped by an additional 22% immediately after sleeve lobectomy and was maximally depressed

after 3 days.35 This difference from standard lobectomy resolved 4 weeks after the procedure. Postoperative

ventilation scintigraphy showed a comparable decrease for standard and sleeve resections, but the perfusion

scans suggested that the impaired oxygen uptake of reimplanted lobes was due to a transient abnormality in

perfusion. The authors concluded that temporary dysfunction after sleeve lobectomy places patients with

impaired lung function at increased risk of respiratory failure compared to simple lobectomy. These find-

ings may also explain the unilateral pulmonary edema occasionally observed in the reimplanted lobe.

Sputum retention and atelectasis are not uncommon after sleeve lobectomy. Paul and colleagues

found no difference of mucociliary drainage or bronchial mucus consistency in dogs after sleeve lobectomy,

whereas auto- and allotransplantation of the lung delayed clearance and increased mucus viscosity.36 Light

microscopy showed relative disappearance of bronchial glands and squamous metaplasia peripheral to the

anastomosis in all three groups. These findings support the general attitude that patients who undergo

sleeve resection should not require any additional preventive measures for sputum retention.

Clinical Data

Observation of intermediate results after the procedure has confirmed the experimental data. Deslauriers

and colleagues confirmed in 19 patients that the reimplanted lung contributed substantially to overall lung

function.37 In 15 patients after right bronchoplasty, the right lung received 41% of perfusion, whereas the

left lung in 4 patients after left bronchoplasty captured 29% of perfusion. Figures 16-3 and 16-4 describe

the forced vital capacity (FVC) and postoperative scintigraphy in their patients. Brusasco and colleagues

also studied patients with spirometry and ventilation-perfusion scintigraphy.38 Two weeks after sleeve

lobectomy, they found a slightly, but significantly higher forced expiratory volume in 1 second (FEV1)

compared with standard lobectomy. Over 3 to 12 months, they found significant improvements of
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Table 16-4 Operative Mortality and Morbidity with Rate of Complications Specific to Sleeve Lobectomy

Operative Major Bronchopleural Bronchovascular Bronchial

First Author, Mortality Complications Fistula Fistula Stenosis 

Year (%) (%) (n / %) (n / %) (n / %)

Watanabe,12* 1990 1.3 2.5 0 0 1 / 1.3

Gaissert,15 1996 4.2 11 1 / 1.4 0 2 / 2.8

Tronc,16* 2000 1.6 14.8 2 / 1.1 0 4 / 2.3

Okada,17 2000 0 13 2 / 3.0

Weisel,19 1979 11.4 11.4 3 / 4.3 5 / 7.1

Faber,20 1984 2.0 6 / 5.9 1 / 0.99 18 / 17.8

Icard,21 1999 2.7 14.5 4 / 3.6 1 / 0.9 4 / 3.6

Data in Okada and colleagues17 were derived from 60 procedures paired with pneumonectomy.

References denoted with an asterisk included a small number of lesions other than bronchogenic carcinoma or procedures other than sleeve lobectomy.
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FIGURE 16-3 Individual and mean (± standard
deviation) forced vital capacity (FVC) before and
after sleeve lobectomy in 12 patients with pre-
and postoperative spirometry, as reported by
Deslauriers and colleagues.37 NS = not signifi-
cant. Reprinted with permission from Deslauriers
J et al.37

FIGURE 16-4 Results (mean ± standard deviation) for perfusion, ventilation, and washout curves for all 15 patients after
right lung sleeve lobectomy, as reported by Deslauriers and colleagues.37 MAA = macroaggregated albumin; Xe133 =
133Xenon. Reprinted with permission from Deslauriers J et al.37



regional ventilation and perfusion in both types of lobectomy, with a higher regional ventilation after

sleeve lobectomy.

Postoperative lung function may be predicted by calculation of the expected functional loss using the

following equation:

preoperative FEV1  ×
(number of functional segments in the lobe to be resected)

(total number of segments in both lungs) 

Khargi and colleagues noted a good correlation between predicted postoperative FEV1 and measured

postoperative FEV1 in 109 patients who had spirometry 25 to 342 days after sleeve lobectomy.29 Thus, post-

operative FEV1, although not necessarily the functional outcome, may be reliably predicted in every patient

from preoperative pulmonary function tests and from ventilation and perfusion scintigraphy.

In a group of 52 patients with resection of the pulmonary artery, as reported by Rendina and col-

leagues, the mean FEV and FVC were, respectively, 72% and 80% before operation and 65% and 76% at 1

month after surgery, and then reached their plateau at 70% and 78% after 6 months.39 Echocardiography

showed patterns in the normal range and normal estimates of pulmonary artery (PA) pressures in all but

2 patients. These values indicate that lobectomy with PA resection may be followed by limited loss of spiro-

metric lung function.

Long-Term Results

Lung Cancer

For patients with a nonsmall cell carcinoma surviving resection, long-term survival appears to be relat-

ed to the disease stage but not to the type of resection. In retrospective comparisons adjusted for stage,

there is no important difference in survival between sleeve lobectomy and pneumonectomy. In a paired

comparison between the two procedures, by nearest available matching of patients, Okada and col-

leagues found significantly longer survival at 3-, 5-, and 10-year intervals after sleeve lobectomy, with

no difference in local recurrence.17 They pursue bronchoplastic procedures aggressively and advocate

extended sleeve resections to avoid pneumonectomy.40 Their comparison, although carefully per-

formed, points to a weakness of any retrospective attempt to demonstrate superior results of sleeve

lobectomy. In favoring sleeve resection, their pool of pneumonectomy patients contains fewer and pre-

sumably more advanced tumors.

Following sleeve lobectomy, surgical resection results in 5-year survival of 36 to 79% in stage I, and

23 to 55% in stage II (Table 16-5).41 In the MGH series, a few patients had chest wall involvement.15 How-

ever, because T3 or T4 tumors are rarely treated with bronchial sleeve resection (as opposed to carinal

resection), some authors distinguish between N0 and N1 disease, with comparable results, as noted in 

Table 16-5. The numbers for patients with stage IIIA or N2 disease are too small to draw conclusions about

the value of sleeve resection or the effectiveness of adjuvant therapy. The MGH series showed no difference

in survival at 5 years between 48 patients undergoing upper lobectomy (46 ± 8.5%) and in 13 patients after

middle and lower lobectomy (52 ± 14%).

Okada and colleagues performed extended resections in 15 of 157 patients undergoing sleeve lobec-

tomy, ranging from resection of the upper lobe and superior segment to resection of the lower lobe and lin-

gula (Figure 16-5).40 Eight of their 15 patients underwent an arterial resection. After 12 to 106 months, all

the patients with stage IIB disease and half of the patients with stage IIIA disease were alive without recur-

rence, although the other half of stage IIIA patients died of distant metastases within 1 year. The re-

implanted lung contributed 26 ± 18% of overall function.
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Table 16-5 Late Results and Local Recurrence after Sleeve Lobectomy for Lung Cancer

Overall Second

% Patients 5-Year
5-Year Survival by 5-Year Survival  

Anastomotic Local Primary

First Author, undergoing Survival
Nodal Status (%) by Stage (%)

Recurrence Recurrence Lung Cancer

Year Mediastinoscopy (%) N0 N1 N2 I II IIIA (%) (%) (%)

Watanabe,12* 1990 17 79 55 30 2.5

Gaissert,15 1996 89 42 57 38 1.4 14

Tronc,16* 2000 87 52 63 48 8.0 22 12‡

Okada,18 2000 48 21 8.0

Weisel,19 1979 94 37 / 20 43 31 22 11

Faber,20 1984 30 36† 23 8.9

Icard,21 1999 39 57 29 33 60 30 27 34 12

Data in Okada and colleagues17 were derived from 60 procedures paired with pneumonectomy.

References denoted with an asterisk included a small number of lesions other than bronchogenic carcinoma or procedures other than sleeve lobectomy.
†Includes 10 patients with T1N1 which are now grouped in stage II.
‡Quoted in earlier report from the same group.41
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Pulmonary Arterial Resection

Late results after resection of the pulmonary artery alone or in combination with a bronchial sleeve in some

series have been disappointing and fostered criticism regarding the oncologic value of arterial resection. In

108 patients with stages I and II undergoing broncho- and angioplastic operations, Vogt-Moykopf and col-

leagues noted a 5-year survival of 35%.42 In their most recent report, Rendina and colleagues noted a 5-year

survival of 38.3% for the entire group, 64.4% for stages I and II, and 18.6% for stages IIIA and IIIB.39 These

latter outcomes are comparable to survival in patients without PA resection, and are expected to support a

more widespread use of arterial sleeve resection.

Low-Grade Bronchial Malignancy

Complete resection of carcinoid tumors by sleeve resection, as in conventional resection, is followed by

excellent long-term survival.22 In the quoted report, one patient had recurrent adenoid cystic carcinoma,

whereas none of the other patients developed recurrence.22

Benign Strictures

Long-term survival after resection of a benign stenosis depends on control of the underlying disease, and is

in general excellent. Kato and colleagues achieved an operative mortality of 5.6% (2 of 36 cases) after resec-

tion of tuberculous bronchostenosis.23 They used an anti-TB regimen for 6 to 12 months after resection and

found restenosis in 2 patients after right upper sleeve lobectomy and in another patient after left upper resec-

tion. A total of 7 of their 36 patients had postoperative narrowing and 1 underwent a reoperation.

Among the 22 benign stenoses reported in the series of Bueno and colleagues, 1 patient died of pro-

gressive idiopathic airway stenosis and there was no recurrence in the others.22
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FIGURE 16-5 Reconstruction in 15 patients undergoing atypical extended sleeve lobectomy, classified by Okada and colleagues40 into types A to C
according to the mode of reconstruction. Reprinted with permission from Okada M et al.40
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The Surgeon and Tracheal Reconstruction 

Hermes C. Grillo, MD

The best opportunity to correct a tracheal lesion is at the initial operation. Given the short length of the tra-

chea, the opportunity for successful reconstruction may be lost if the first operation is poorly conceived,

poorly executed, or is followed by serious complications. Although a successful reconstruction may be

accomplished despite an initial failed operation, it often becomes increasingly difficult and is sometimes less

likely to succeed.1 The surgeon must exercise mature and informed judgement in deciding whether to oper-

ate and when to operate, and should not assume that a failed operation can be successfully revised. The tra-

cheal tailor quickly runs out of cloth, and in the absence of development of a truly dependable prosthetic

replacement, which I believe is unlikely to ever fully substitute for the native trachea, an operation may be

peculiarly fateful (see Chapter 45, “Tracheal Replacement”).

It is therefore often judicious to delay the operation, in order to investigate local and systemic conditions,

to improve these with treatment or time, and to obtain sophisticated consultation if the problem is a knotty one.

Urgency of Tracheal Surgery

When I began to perform tracheal surgery and encountered a patient in severe respiratory distress, gasping for

breath, stridorous, and with an airway measuring 3 to 4 mm in diameter, I would proceed to emergency re-

section after dilating the obstruction.An emergency operation, performed with limited opportunity for complete

assessment of the lesion or the patient, and sometimes operating at an inappropriate time, might set a scene for

complications and failure. Emergency resection of tracheal stenosis is rarely, if ever, needed. It is generally possible

to establish an adequate airway safely, either for a short or long term, without immediate reconstruction. This can

usually be accomplished without compromising subsequent early or late elective reconstruction.

Urgent management of tracheal obstruction is discussed in Chapter 19, “Urgent Treatment of Tracheal

Obstruction” and Chapter 31, “Repair of Tracheobronchial Trauma.” The most common causes of acute tra-

cheal obstruction are postintubation stenosis, primary or secondary tumor, and airway trauma. Successful

management demands prompt and precise treatment, with close cooperation between the anesthetist and

surgeon. Tracheostomy is often inadvisable and, if necessary, must be correctly located in order as not to
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compromise future repair. In particular, there is no justification for a tracheostomy to provide “safe access”

for repeated laser treatments. In specific instances of trauma, however, emergency tracheostomy becomes

necessary (see Chapter 9, “Tracheal and Bronchial Trauma” and Chapter 31, “Repair of Tracheobronchial

Trauma”). One of the few tracheal lesions that requires immediate definitive reconstructive surgery is the

very rare tracheoarterial fistula (see Chapter 27, “Repair of Tracheobrachiocephalic Artery Fistula”).

Preoperative Assessment

The Tracheal Lesion

Important historical facts that should alert the surgeon to potential complications include multiple intu-

bations and tracheostomies, including successive stomas at different levels; treatments, such as laser,

cryotherapy, coagulation, repeated dilations, and local injection of steroids; and other maneuvers which

may have compounded the problem. Particularly important are data on prior open operative procedures,

including resection and reconstruction, laryngofissure, plastic procedures, cartilage grafts, cutaneous

troughs or tubes, stenting with silicone stents or expandable devices, buccal or cutaneous grafts, and the

implantation of prosthetic meshes or materials.

Assessment of the local lesion is best begun with a complete radiological study (see Chapter 4, “Imag-

ing the Larynx and Trachea”). A tracheostomy tube should be removed intermittently during these studies.

A surgeon should be at hand during the studies to remove and replace the tube as necessary. Gloves, suc-

tion catheter and apparatus, tracheostomy tubes of the same and smaller sizes with obturators should all

be available for the surgeon’s use. Replacement can very quickly become difficult. T tubes should not be

removed during a radiologic study, although these are sometimes removed and replaced with a tra-

cheostomy at bronchoscopy, in anticipation of a subsequent tracheal reconstruction. Endoscopy is the next

critical method of examination. Bronchoscopy is often scheduled at the time of operative repair (see Chap-

ter 5, “Diagnostic Endoscopy”). However, if for historical reasons, on the basis of external examination of

the trachea or for systemic consideration, it is likely that the operation will be deferred or impossible, then

a bronchoscopy should be done early to plan future treatment. The bronchoscopy may reveal the need for

preliminary therapeutic procedures, such as dilation of a stenosis, coring out of tumor, removal of granu-

lations, removal of a stent, change of a tracheal tube or placement of a T tube, with postponement or aban-

donment of surgical reconstruction.

How much trachea can be removed and anastomosis safely accomplished? This is the key question that

is always asked about tracheal resection with primary anastomosis. For any given clinical problem, the

question becomes, “Will resection and reconstruction likely exceed safe limits?” Various anastomotic ten-

sions, within which safe anastomosis could be performed, have been experimentally determined over the

years. Cantrell and Folse observed the disruption of anastomoses in dogs between 1,700 and 3,100 g of ten-

sion, at which 46 to 63% of tracheal length had been removed.2 Flexion and extension of the neck made a

great difference in the permissible length of resection. Maeda and Grillo observed no deaths from anasto-

mosis in adult dogs following resections that demanded up to 1,500 g of tension.3 Puppies, on the other

hand, showed fatal stenosis in one-half of anastomoses performed at 1,250 g, and in all done at 1,500 g.

With variable lengths of resection calculated to result in 750 g of anastomotic tension in puppies, stenosis

could be further reduced by the use of anastomotic “tension” or “stay” sutures.4 Ferguson and colleagues

observed in dogs that about one-third of the trachea could be removed with 450 g of tension.5 Michelson

and colleagues freed the right main bronchus in dogs, divided the left main bronchus, and reanastomosed

it to the bronchus intermedius.6 This allowed the resection of 12 rings.

Efforts to determine acceptable limits of resection in humans were made in cadaver studies using var-

ious methods to mobilize the trachea. Ferguson and colleagues found the extensibility of the trachea in



cadavers to range from 35% at 29 years of age to 17% at 76 years, with the most stretch obtained at 200 g

of tension.5 Michelson and colleagues observed in cadavers that the human trachea could be stretched 

4 to 6 cm by mobilization, and an added 1.5 to 5 cm could be obtained by the maneuver described earlier

in dogs.6 In fresh cadavers, using 450 g tension, the division of the pulmonary ligament allowed 2.5 to 3 cm

of tracheal elevation. Freeing the left main bronchus permitted 5 to 6 cm in subjects under 50 years of age.

Between 50 to 75 years of age, these distances were only 1 to 1.5 cm and 2 to 3 cm. In contrast to their obser-

vations in dogs, Cantrell and Folse observed that a resection greater than 2 cm in cadavers over 80 years of

age produced unacceptable tension.2 Grillo and colleagues concluded that over one-half of the trachea

could be removed in human cadavers with stepwise mobilization.7 These steps included 1) dissection of the

right hilum with division of the pulmonary ligament (3 cm, 3 to 8 rings), 2) division of the left main

bronchus (2.7 cm, 3 to 12 rings), and 3) freeing of pulmonary vessels from the pericardium (0.9 cm, 0.5 to

3 rings), for a total of 6.4 cm (11 to 18 rings). Tensions for anastomoses rose sharply, as 1 cm segments were

successively excised, from 25 g at 1 cm to 675 g at 7 cm. Age was not a factor. Mulliken and Grillo found that

4.5 cm of the upper trachea (7.2 rings) could be resected and anastomosis performed at 1,000 to 1,200 g, with

pretracheal mobilization and cervical flexion of 15 to 35 degrees.8 Right hilar dissection allowed a further

1.4 cm (2.5 rings) to be removed, for a total of 5.9 cm, whereas cervical flexion allowed a gain of 1.3 cm

(2.5 rings) over the neutral position.

Efforts to measure anastomotic tensions intraoperatively were not systematically successful. The figures

obtained in cadaver investigations provide only general guidelines. Permissible lengths vary individually with

a patient’s age, body build, height, pathology, and prior surgery. A young adult with a long, supple neck may

permit resection of 60% or more with only pretracheal mobilization and cervical flexion, whereas a heavyset,

kyphotic, aged person may tolerate a maximum of 30%. The length of resection likely to be required clinical-

ly is based on careful study of linear radiologic studies, bronchoscopic examination and measurement, and

sometimes with further information provided by biopsies and, uncommonly, by exploration.

Clinical mobilization maneuvers, described in subsequent chapters, must be applied thoughtfully with

regard to surgical accessibility, pulmonary reserve, degree of added trauma, and increase in surgical risk. The

surgeon’s experience and judgment make final determination of what is likely to be safely possible. It must

be remembered that excessive anastomotic tension is a principal root of surgical disaster, and of possible

fatality. A general rule that approximately one-half of the adult trachea and one-third of the juvenile trachea

may be removed,9 and reconstruction safely made, seems to be the best answer to the question at present.

Delay of Resection

Excessive inflammation characterized by florid granulation tissue, easy bleeding, inflamed mucosa, and an

inability to determine a boundary between quiescent and inflamed tissues is a warning sign against imme-

diate resection and reconstruction. Although operation has been successfully carried out in the face of

inflammation, postoperative complications and restenosis appear to occur more often.

Invasive infection and cellulitis, although surprisingly rare, should be treated before the operation.

Chronic infection in a cervical or sternal wound adjacent to the operative field or within the operative

field also signals caution. However, a ring of stomal granulation tissue and exudate, which often shows

Staphylococcus aureus or Pseudomonas aeruginosa on culture, are not contraindications to reconstruction.

Treatment of invasive infection may require removal of sternal wires, debridement of the bone, and local

wound treatment as well as appropriate antibiotics. For long-term treatment, a tracheostomy or T tube

may be necessary, if not already in place.

If a patient has had a recent tracheostomy for treatment of a stenosis, it is best to wait a period of time

for regression of inflammation and healing of the local wound. Four weeks is usually adequate for this. Less

delay may be accepted if there is a truly pressing need to get on with the operation. If the tracheostomy has
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been placed below a cervical stenosis, it may be necessary to transfer the stoma to the damaged cervical seg-

ment of the trachea and allow the fresh stoma to heal to recover tracheal length. A removable stent is best

withdrawn to allow regression of inflammation and granulations. A T tube may be exchanged for a small

tracheostomy tube to allow regression of subglottic inflammation instigated by the upper limb of the T

tube. Expandable stents produce difficult problems, which may require unique open surgical procedures

(see Chapter 40, “Tracheal and Bronchial Stenting”).

Reoperation after failure of tracheal reconstruction should be delayed for at least 4 months, and prefer-

ably for 6. Inflammatory changes are always huge in an operative field. Tissue planes are obliterated by

edema, inflammation, tissue proliferation, and easy bleeding. Although scar becomes more dense with

time, the remodelling process in a wound lessens the inflammatory changes progressively. A mature cica-

trix is more easily dealt with surgically than induration and inflammation. If reoperation is done too soon,

the chance of further failure of reconstruction or of damage to recurrent laryngeal nerves increases. If a

patient is referred for treatment soon after failure of reconstruction, a T tube may stabilize the airway dur-

ing the 4- to 6-month healing period.

A pressing reason for deferring immediate surgery is to define the full extent of airway injury and, in

particular, laryngeal function. Fluoroscopy may reveal glottic dysfunction and also the presence of tracheo-

malacia. Laryngeal function must always be assessed thoroughly (see Chapter 35, “Laryngologic Problems

Related to Tracheal Surgery”). Direct or indirect laryngoscopy is best done by a consulting laryngologist.

Few thoracic surgeons have acquired special competence in laryngology. Laryngeal x-rays, including

tomography, which provide information about subglottic narrowing and stenosis (see Chapter 4, “Imaging

the Larynx and Trachea”), may reveal more than a computed tomography scan. Tracheal surgery performed

unknowingly with a malfunctioning larynx can result in disaster. If the larynx is found to be incompetent

only after resection, then a tracheostomy may become necessary before subsequent correction of the laryn-

geal defect. If the larynx is now at or below the sternal notch, then the brachiocephalic artery may be at risk.

The fresh anastomosis may also be damaged. Laryngeal lesions should be recognized and treated prior to, or

in some cases concomitant with, tracheal surgery.

If there is any question about the patient’s ability to swallow or the occurrence of aspiration, then a

careful barium study of deglutition is essential, preferably a provocative study with food. If aspiration

results from neurological deficit, then tracheal resection and reconstruction is inadvisable, since a tra-

cheostomy would then be required for protection.

Systemic Considerations

Generally speaking, few patients should be rejected for correction of a postintubation tracheal stenosis

because of age, suboptimal pulmonary or myocardial function, or associated diseases. Resection and recon-

struction of the trachea for postoperative stenosis can usually be conducted so that insult to the patient’s

general physiology is minimal. With skillfully given anesthesia, so that the patient continues to breath spon-

taneously throughout the operation, and with immediate postoperative extubation, little hazard is

incurred. Great care is taken to avoid impairment of respiration. The airways are kept clear of blood and

secretions by attentive suctioning, pneumothorax is avoided, and the field is confined to a cervical expo-

sure and added upper mediastinal exposure in some. Even stenotic lesions at the supracarinal level can be

repaired through this exposure. Partial sternotomy avoids the pain and impairment of respiration occa-

sioned by a full sternotomy or by thoracotomy. If body cavities are not violated and surgery is performed

gently and with precision, then systemic impact is small. I have operated on many patients with borderline

pulmonary function due to chronic pulmonary disease that had caused respiratory failure, ventilation, and

stenosis in the first place. These patients have most often subsequently remained free from tracheostomy.

Their medical conditions are not often a justification for alternative use of laser treatment.



Respirator support should be avoided, if possible, following tracheal reconstruction. The possibility is

judged by careful assessment of preoperative respiratory function. Poor function may militate against a

transthoracic approach to a tracheal tumor, for example. Complete median sternotomy might be preferable.

A fuller discussion is found in Chapter 23, “Surgical Approaches” and Chapter 28, “Reconstruction of the

Lower Trachea (Transthoracic) and Procedures for Extended Resection.” Management of a patient who

requires respirator support following tracheal resection at different levels is discussed in Chapter 20,

“Postoperative Management.” Tracheal resection and reconstruction is not advised in a patient already on a

respirator. If a patient has developed stenosis below a ventilating tracheal tube, then it is better to dilate the

stenosis and place a tube of length sufficient to pass the obstruction. At the carinal level, granulations and

stenosis must be dealt with repeatedly, and an attempt must be made to wean the patient from the respira-

tor. Some of the small number of patients who died following resection of a tracheal stenosis were referred

to us on respirators after failed operations and were reoperated on in our early experience. The necessarily

shortened trachea obliges the cuff of the endotracheal tube to lie adjacent to the area of reconstruction. Even

with a low-pressure cuff, this causes inflammation and dehiscence in time.

As much as possible, pulmonary infection should be treated preoperatively with antibiotics, chest

physiotherapy, bronchoscopy, and tracheal dilation. However, surgical relief of the obstruction may be nec-

essary to clear pneumonia.

A recent myocardial infarction provides the same warning against immediate airway reconstruction

as it does for other surgery. Appropriate time should be allowed for myocardial recovery and for careful

assessment of myocardial function before tracheal reconstruction. A benign stricture may be managed by

dilation, and a tumor by coring out, to gain time for improvement.

If tracheal stenosis resulted after multiple injuries, then all other predictable surgery should be com-

pleted before a tracheal repair is done. This will avoid the hazard of repeated postoperative intubation and

ventilation, which could damage the recently repaired trachea. Wounds or infection elsewhere in the body

should be cleared up prior to correcting the tracheal lesion.

Neurologic injuries raise concerns. The patient must be cooperative, and will need to be able to

accept chest physiotherapy, controlled coughing, and suctioning. A guardian chin suture must be toler-

ated and head tossing avoided. If neurologic improvement seems to be occurring, surgical delay is

advisable, if necessary with placement of a tracheostomy or T tube. Neurologic defects in deglutition,

which cause aspiration, must be ruled out. If it seems that a tracheostomy will be permanently needed

to control secretions, then there is no point in repairing the trachea. If speech is impaired by a stenosis,

then appropriate placement of a tracheostomy tube or T tube may restore communication and provide

a port for suctioning. Usually, paraplegia does not present difficulties in clearance of secretions. The

quadriplegic patient must be assessed very carefully, however, to determine how much chest wall respi-

ratory function is preserved, whether the phrenic nerves are functional, and whether the patient could

potentially clear secretions without a tracheostomy. Candidates for reconstruction must be selected

with great care. Surgeons must be aware of pressures placed upon them to repair a stenotic trachea in

a patient with central neurologic defects. Families may feel great urgency to correct whatever is cor-

rectable in an effort to bring a young patient especially, who has suffered such injury in a motor 

vehicle accident, back to normal function. Since the trachea is reparable, families focus upon this step

toward recovery, even though this is not the patient’s major problem and may be unlikely to provide

general improvement.

Although the trachea may be repaired successfully in an obese patient, pulmonary hazards are

increased, including the possibility of postoperative ventilation. In benign stenosis, I feel it to be the

patients’ obligation to participate in their own care by losing weight. The prospect of getting rid of a tra-

cheostomy can be nearly as great a stimulus to reduction in weight as is closure of a colostomy.
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Tracheal repair is inadvisable in a few diseases. If a patient with myasthenia gravis gives a history of

frequent exacerbations, which led to respiratory failure and need for ventilation, then it makes little sense

to reconstruct the trachea. Such a patient is better managed with a tracheostomy or T tube, so that when

the next and predictable episode occurs, a tracheostomy tube can be replaced for ventilation without diffi-

culty. If, on the other hand, the disease seems to be well controlled, then reconstruction is appropriate, with

cautionary statements to the patient about what might occur in the event of respiratory failure. A similar

approach is taken to patients whose stenosis was due basically to chronic pulmonary disease.

Drugs can adversely affect tracheal reconstruction. Regular aspirin dosage causes, at most, a brief

delay in operation. Many patients with tracheal stenosis or tumor are misdiagnosed and treated for adult-

onset asthma with steroids at increasing dosage. Operative failure in 2 patients receiving 40 to 50 mg/day

of prednisone was characterized not by acute anastomotic separation but by slow restenosis. Re-resection

was successfully accomplished, long after prednisone was discontinued. The findings suggested a gradual

distraction and elongation of the anastomosis, which might be expected to result from the usual anasto-

motic tension acting in the absence of a prompt and vigorous healing response. Patients should be weaned

from steroids prior to tracheal reconstruction, but they should usually receive short-term stress doses of

steroid perioperatively. The patient’s airway is maintained by repeated dilations or by a tracheostomy or T

tube during weaning from corticosteroids. Tracheal tumors are cored out when surgery is delayed. I prefer

not to use irradiation during this period of time prior to surgery.

Preoperative Interview

It is important that the patient and the patient’s family have a clear understanding of the possibilities for

restoration of normal function as well as the hazards of operation. It can be difficult to discuss the many

options that may arise during a procedure. The surgeon must have a series of alternatives in mind and should

review these with the patient. In particular, when the patient will undergo bronchoscopy just prior to opera-

tion (a generally preferable way to proceed), alternatives should be discussed fully. It is often possible to predict

with accuracy from radiologic studies whether reconstruction will be possible. All too many patients, both with

stenosis and with tumors, are on a borderline. Bronchoscopy may make clearly apparent that a lesion cannot

be resected with safe primary reconstruction. In benign stenosis, insertion of a T tube may be appropriate. This

possibility must be discussed in advance. If tumor is irresectable, then coring out may be done and the patient

returned home for irradiation. At times, exploration is necessary to determine if correction is possible.

Even in more usual cases, patients and families must recognize the possibilities of failure, of injury to

recurrent laryngeal nerves, of temporary tracheostomy, of periods of hoarseness, of possible complications

of laryngeal release if required, and of the need for temporary gastrostomy. The hazards of carinal recon-

struction are not to be underemphasized.

The Surgeon and Tracheal Reconstruction 

This book represents an effort to codify information that has been gained over nearly 40 years of develop-

ment of tracheal surgery. Conceptually, the operation of tracheal resection and reconstruction is simplicity

itself—resection of a segment of airway and end-to-end anastomosis. Experience shows that this can be

illusory. This text hopes to outline the numerous complexities. Carinal resection and reconstruction is rec-

ognized as being fraught with hazards and possibilities of disaster. However, I continue to be appalled by

the number of patients, with what seem to be simple stenotic problems, who have experienced surgical fail-

ure and are referred for reoperation. Often, it is not possible to determine where the errors were. At other

times, it seems likely that excessive amounts of trachea were circumferentially dissected and devascularized,

that heavy suture materials indicative of crude technique were used, and that the operation was performed

without proper attention to detail and precision.



Tracheal surgery has now been standardized and most complications are avoidable in straightforward

cases. The burden is on the occasional tracheal surgeon to think carefully before embarking upon a proce-

dure. Tracheal cases are few in number and, therefore, it is difficult for any large number of surgeons to

obtain profound experience in the many variations which present. The question may properly be posed as

to whether patients would benefit if tracheal surgery were concentrated in a number of geographically dis-

tributed centers, all of which remained in close contact to review experiences. The rarity of tracheal lesions

makes them attractive and challenging to a surgeon. Surgeons should ask themselves scrupulously whether

the operation should indeed be performed. I have never seen a patient or a family who have faulted a sur-

geon for referring a patient elsewhere for initial tracheal surgery. I have, however, encountered many

patients and families who have deeply resented receiving what they later recognized to be inexperienced or

inappropriate surgery.
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Paul Alfille, MD

The treatment of tracheal disease, specifically by resection and reconstruction, comes from the systematic

work of Grillo and others exploring methods of tracheal repair. It is no accident that the early surgical

papers included descriptions of the anesthetic approach as well. Successful tracheal surgery requires skilled

coordination between the surgeon and anesthesiologist.

Much of the early need for tracheal surgery was a sequel to the success of anesthesia and intensive care.

As intubation and ventilation became a common means for supporting critically ill patients, tracheal injury

from endotracheal tubes and tracheostomy tubes required treatment. In turn, we now have better designed

endotracheal tubes and a better understanding of the proper way to handle patients with airway appliances.

Tracheal surgery spans from simple fiber-optic examinations to complex resection and reconstruction.

The more complex cases should be sent to centers with extensive experience and an institutional commitment

to the specialty. All anesthesiologists, however, will benefit from an understanding of the principles and 

practical approaches to lower airway lesions.

The American Society of Anesthesiology has promulgated a clear algorithm for the difficult airway.1

That algorithm is really for patients with difficult oral and facial anatomy. Tracheal anatomy is not

addressed, and without careful thought, using its methods in these patients may actually be harmful. We

will review the special considerations for tracheal lesions and anesthetic approaches to surgical procedures.

Patient Considerations

Fixed Stenosis

There are many diseases and injuries that can cause a fixed tracheal stenosis. This is characterized by a region

of the trachea that is narrowed throughout the respiratory cycle, as contrasted with the dynamic obstruction

caused by a weakened tracheal wall. On examination, there will be limitation of flow to both inspiration and

expiration, with stridor. Flow volume loops will show attenuation of both phases of the flow curve. Plain chest

radiographs, and certainly tomograms, will show a stenotic segment.
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Patients commonly present with increasing dyspnea. They may note exacerbation with respiratory infec-

tions, and certainly decreased exercise capacity. Other presenting symptoms may be hemoptysis, persistent

bronchitis, goiter or neck masses, or superior vena cava (SVC) syndrome. Patients may also be identified after

difficulty with routine intubation (an endotracheal tube would not pass), or when persistent “asthma” finally

precipitates bronchoscopy or pulmonary function tests for assessment. It is distressingly common for patients

with tracheal lesions to have been mistakenly treated for the much more common bronchospastic disease.

Airflow in the respiratory tract usually shows laminar characteristics—smooth flow patterns with a

parabolic velocity profile. Because of the rapid branching of the tracheobronchial tree, the majority of air-

flow resistance is in the major conducting airways, so stenosis in this region will be clinically relevant. In

laminar flow, the Hagen-Poiseuille relationship holds:

Resistance α
viscosity × length

diameter4

Note the profound effect of diameter, which corresponds to the clinical observation that patients note

few symptoms until their stenosis reaches a certain threshold (on the order of 5 to 6 mm in adults), when

dyspnea without exertion first appears. Once symptomatic, small changes in diameter, from secretions,

infection, trauma, or progression of disease, can greatly exacerbate the obstruction.

Airflow does not remain laminar in severe stenosis. Irregularities in the profile of the tracheal lumen

can create disturbed flow, and even flow in smoothly contoured tubes will become turbulent when the iner-

tial forces overwhelm viscous damping. Reynolds’ number is a nondimensional parameter balancing vis-

cous and inertial forces. Above a geometry-dependent threshold (2,100 in cylindrical conduits), turbulent

flow predominates. Reynolds’ number is defined as:

Re ≡
density × diameter × velocity

viscosity

In turbulent and orifice flow, gas density is a determinant of airway resistance. Furthermore, airflow

resistance is higher in turbulent flow than in equivalent laminar flow. Dilating the airway, reducing peak

flows (by calming and sedation), and reducing gas density all can restore laminar flow. Helium is less dense,

so helium–oxygen mixtures can improve flow characteristics in severely stenotic airways.2 Helium can be

used as a temporizing measure while the patient is transported and the surgical team assembled.3,4 Anes-

thetic management is typically performed with a high O2 concentration and potent inhalation agent.

Whether the flow advantages of added helium would offset the lowered oxygen reserve from the lowered

fraction of inspired oxygen (FiO2) is an open question.

It is helpful to know the location and cause of the stenosis before planning the anesthetic. Typical

locations are the midtrachea for cuff stenoses and the site of a previous tracheostomy if scarring from that

procedure has caused the injury.

Dynamic Obstruction

Flow-dependent obstruction is caused by a weakened tracheal wall, or by an intraluminal mass that moves

with respiration. Patients will have symptoms that are manifest primarily during inspiration or expiration.

Position may be an important factor in their airway patency and every effort should be made to mimic their

optimal position during induction.

Normal pressure relationships in the tracheobronchial tree show a gradient that directs airflow. Dur-

ing inspiration, the pleural and alveolar pressures are subambient, the tracheal and conducting airway



intermediate, and the mouth at ambient pressure. In the extrathoracic region, the tracheal lumen will be at

a lower pressure than the surrounding tissue, and would collapse were it not for the resiliency of the carti-

lage rings that nearly encircle the trachea. If the rings have been damaged or eroded, the trachea will tend

to collapse on inspiration, worse when a higher gradient is attempted. Thus, attempting to compensate for

the increased resistance of a tracheal lesion by more respiratory effort will be counterproductive. On flow

volume loops, there will be a plateau in the inspiratory phase, where optimum flow is achieved by a balance

of the pressure gradient and lumen size. Positive pressure ventilation should counteract this tracheal col-

lapse, although more complex injuries make the balance unpredictable.

On expiration, the thorax is at a higher pressure than the tracheal lumen, which in turn is at a high-

er pressure than the mouth. Intrathoracic lesions will be manifest in expiration. There will be the same

plateau in the flow volume loop, but now in the expiratory phase. Controlled ventilation should have no

advantage, although the application of positive end-expiratory pressure (PEEP) may increase the intra-

luminal pressure. Indeed, patients may use pursed lip breathing on expiration to induce this phenomenon.

This suggests that the transluminal pressure seen in the trachea is not just the pulmonary pressure, which

would be similarly raised by PEEP.

Loss of integrity of the cartilage skeleton of the trachea is seen after trauma, tumor, and some con-

genital abnormalities. Any lesion in the trachea will worsen the effect by increasing the needed pressure gra-

dients. Large external masses in the anterior mediastinum can compress and distort, and should trigger

concern.5,6 To some extent, the tone of the muscles of respiration seems to play a role, with worsened

obstruction seen after the administration of muscle relaxants. In these patients, positional symptoms may

be very important. Mediastinal masses may also encroach on vascular structures, with SVC syndrome and

airway swelling, worsening the symptoms. In experimental studies, the cardiovascular effect of an anterior

mediastinal mass was right heart failure due to pulmonary vessel obstruction, which was independent of

mode of ventilation.7

A careful history should identify those patients at risk for problems with airway obstruction, at

induction of anesthesia. The safest approach in patients at significant risk is to maintain spontaneous ven-

tilation until the obstruction can be assessed and the airway secured. A potent inhalation agent is employed

until loss of consciousness. At this stage, it is possible to attempt control of ventilation, although the patient

will not be ready for instrumentation. If it is possible to control ventilation, then we know that positive air-

way pressure is advantageous, and we will be able to speed the arrival at a surgical anesthetic plane as well

as consider the use of muscle relaxants. If controlled ventilation is not possible (after suitable methods of

relieving upper airway obstruction), then muscle relaxants should not be used.

It is possible to perform rigid bronchoscopy and intubation solely on deep inhalation anesthesia

with spontaneous ventilation. The onset will be slow since ventilation will decrease as the anesthetic depth

increases, especially in the presence of airway obstruction; the drive to ventilation in the presence of a res-

piratory load is attenuated by potent inhalation as well as intravenous agents. Sevoflurane is currently the

best choice for inhalation induction; it is potent and surprisingly nonirritating to the respiratory tract.8

If ventilation can be successfully controlled, then the use of neuromuscular blockers can be consid-

ered. The advantages of relaxants are better intubating conditions and less chance of movement during

rigid bronchoscopy. The disadvantages are that spontaneous ventilation will not be possible and that muscle

tone will be lost. Being able to recover spontaneous ventilation can be important for diagnostic reasons, to

assess if there is a dynamic component to the tracheal obstruction, and for therapeutic reasons, to illustrate

by the movement of air where the true lumen is located in a badly diseased trachea. As the bronchoscopy

proceeds, an initially adequate airway can become bloody and swollen and no longer safely controlled.

Being able to fall back on spontaneous ventilation in this circumstance may be essential, and cannot be

assured after paralysis.9 In the end, the point in the procedure when muscle relaxants can be safely used
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depends on the experience and judgment of the anesthesiologist and surgeon. Some centers have published

good results using intravenous techniques alone.10

Tracheoesophageal Fistula

A tracheoesophageal fistula (TEF) creates unique challenges to the anesthesiologist. Until the trachea is

intubated below the fistula, there is no way of preventing refluxed gastric contents from entering the lungs,

or of assuring that controlled breaths will enter the lungs instead of the gastrointestinal (GI) tract. Exclud-

ing congenital abnormalities in neonates, the common causes of TEF are postintubation fistulae, as well as

traumatic tears, and erosion from tumor, infection, or radiation. In the worst cases, large holes allow free

and chronic aspiration with severe lung injury.

Aspiration risk can be minimized by elevating the head of the bed (reverse Trendelenburg position),

gastric drainage, and withholding food. Nasogastric tubes or gastrostomy tubes can be suctioned to reduce

gastric contents and to vent gas from mask ventilation. Cricoid pressure will obviously be ineffective. If one

lung has been more severely affected by aspiration, then that side should be dependent to prevent gastric

contents from injuring the better side.

Spontaneous ventilation has strong advantages over controlled ventilation for the unsecured airway

in TEF. The descending diaphragm draws gas into the lungs. All that is required is a patent airway above

the lesion, which can be obtained with a standard jaw thrust, oral or nasal airways, or a laryngeal mask air-

way (LMA). Anesthetic induction methods that maintain spontaneous ventilation, like potent vapors, allow

ventilation while the airway is assessed and secured. In contrast, controlled ventilation requires that the

compliance of the lungs be lower than that of the GI tract. Even if a sufficient fraction of each delivered

breath enters the lungs, there will be progressive abdominal distention since the esphagogastric junction

acts as a one-way valve. Eventually, the distended abdomen will compromise ventilation. Despite the advan-

tages of spontaneous ventilation, controlled ventilation and muscle relaxation is often employed in

neonates, with subsequent occlusion of the TEF by a balloon until the repair is complete.11

Patients with very small fistulae present a different challenge: finding the tract. Controlled ventilation

is not a problem in these patients. The fistula may be found with contrast studies in the radiology suite, or

intensive bronchoscopic examination of the trachea, possibly while dye is introduced into the esophagus.

Endotracheal tubes should be positioned precisely under direct fiber-optic guidance in patients with

tracheoesophageal fistulae. The tube must be distal to the fistula, and it is preferable to have the cuff distal to

the lesion, so that it does not enlarge the hole. Fistulae near the carina may be better managed with double

lumen tubes or endobronchial intubation.

Airway Trauma

Anesthetic considerations in traumatic injuries to the airway revolve around identifying those patients at

risk, and choosing techniques that do not cause a tenuous airway to be lost.12–14 Traumatic injuries to the

airway are usually classified by their mode of injury. Penetrating injuries are the result of gunshots and

knives. Blunt trauma can be from direct blows, or secondary to rapid deceleration.

Penetrating Trauma. The presence of a penetrating airway injury in the neck is usually unsubtle. An open

airway, with gas exchange from the wound, will be present. The optimum approach in these cases is to

directly intubate the exposed distal tracheal end, perform any other resuscitative care, and then surgically

address the trachea.15,16 There is the risk that placing a tube in the distal trachea will disrupt the mucosa,

pushing it with the end of the tube to fold and obstruct the airway. If possible, the mucosa should be

grasped with a surgical instrument and the tube gently slid in. The patency of the tube can then be assessed

by conventional means as well as by fiber-optic examination.



Other injuries that should be considered include trauma to the innervation of the vocal cords, pneumo-

thorax, and injury to the major vessels. The surgical approach to the trachea can be a primary repair in 

auspicious circumstances. Induction of anesthesia is obviously easy, and the tube can be switched to an 

orotracheal tube under controlled conditions, or with retrograde methods described later.

Penetrating injury within the chest may not initially be recognized. Pneumothorax and major vascu-

lar injury will be the initial focus. Hemoptysis, pneumomediastinum, and pneumothorax can be caused by

lung injury and well as tracheal injury.

Blunt Trauma. The mechanism of blunt airway injury is still a debatable issue. Most blunt traumas are

seen in motor vehicle accidents or other high-impact encounters. Direct injuries to the larynx and cervical

trachea are caused by a violent blow by the steering wheel in automobile drivers and by branches or chains

in motorcyclists or bicyclists, otherwise known as “clothesline injuries.” In these cases, the fractured tracheal

ring can be dislocated, thereby obstructing the trachea.17,18

Deceleration injuries are where portions of the trachea, hilum and lungs, and chest wall slow at dif-

ferent speeds, producing ruptures of the trachea at various levels, or disruption at the mainstem bronchi.

Injuries can occur at all levels but are common in midtrachea, where the trachea passes behind the sub-

clavian vessels and at the hilum, and in the right mainstem bronchus. Alternative hypotheses are that the

acute lateral deformation of the thoracic cages causes traction injuries, or that high airway pressures from

the sudden compression of the chest cause blowout fractures of the trachea at places where the wall stress-

es are concentrated.

Tracheal injuries should be suspected in all patients involved in high-speed motor vehicle acci-

dents. Symptoms include hoarseness, voice change, or pain. Air in the neck is a sensitive sign, and can

be seen on an x-ray or a computed tomography scan, which will be obtained in any case to evaluate the

cervical spine. In grosser cases, subcutaneous emphysema will be present. Hemoptysis, stridor, and res-

piratory distress can all be signs of airway injury, as is the dropped lung sign seen in complete disrup-

tion of a mainstem bronchus. A few patients will only be recognized later in their hospital course, when

tracheal stenosis is seen.19

These patients require careful airway management. A partially disrupted trachea can be complete-

ly disrupted by the passage of an endotracheal tube. Cricoid pressure can dislocate a fractured cricoid or

thyroid cartilage. Positive pressure ventilation may either put sufficient stress on a partially ruptured seg-

ment to complete the disruption, or be ineffective as gas escapes through a ruptured wall. The safest

course is to maintain spontaneous ventilation, either with deep inhalation agents or topical anesthesia

and fiber-optic intubation.

Bronchopleural Fistula

Bronchial disruption can occur at any level of the tracheobronchial tree. Peripherally, it is usually managed

conservatively. The pleural space must be vented to prevent a tension pneumothorax, and adequate venti-

lation must be assured. Spontaneous ventilation will work well, as long as the lung stays inflated. If con-

trolled ventilation is required, methods of minimizing airway pressures should be employed, including

high-frequency jet ventilation. Placing a double-lumen tube and ventilating the two lungs independently

allows the lung with the fistula to not steal all the tidal volume.

Disruption of the major airways, including lobar bronchi after lobectomy and the mainstem bronchi

after pneumonectomy, requires surgical intervention. Lung isolation will be required, both to allow surgi-

cal exposure and to prevent spillage of pleural contents, blood and pus, into the open airway and to the

other side. Prior to induction, patients should be placed with the affected side down. A tube should be

placed endobronchially on the side opposite the lesion under fiber-optic guidance.
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Procedures

Rigid Bronchoscopy

The rigid bronchoscope finds particular application in tracheal lesions and tracheal surgery. Unfortunate-

ly, at many institutions, its use is rare because flexible bronchoscopy is more common for routine exami-

nation. The unique feature about the rigid bronchoscope to the anesthesiologist is that it takes the place of

an endotracheal tube, serving as an airway as well as a surgical tool.

Rigid bronchoscopes come in various sizes, but share common features: a hollow central lumen open

at each end, a side opening for gases, and some small channels along the side for light and jet ventilation.

The upper end is opened to allow instruments to be passed, or closed to allow gas delivery.

In the anesthetized patient, the bronchoscope is introduced either directly, or with the assistance of

a laryngoscope. Once in the trachea, the neck is extended and the bronchoscope attached to the anesthesia

circuit. A variable leak will be present, worsened with proximal position and smaller bronchoscopes, and

lessened with distal passage, or passage though a narrowed tracheal region.

Ventilation in the presence of a substantial leak can be problematic. First of all, end-tidal gas tension

measurements are useless, as all the returning gas leaks out. Second, the attempted tidal volume is largely

lost due to leakage, and only a small and variable fraction is actually delivered to the patient. Observation

of chest excursion is the best way to assess ventilation. Blood gas sampling can describe the patient’s venti-

lation at one point in time, but an indwelling continuous arterial gas catheter would be required to provide

adequate feedback to guide therapy.

Closing the mouth and nose can lessen the leak (although gas can easily enter the stomach as well).

Using high gas flows can also help, but special modifications of modern anesthesia machines are needed

since most machines currently on the market do not allow O2 flows above 12 L/min, whereas flows of 30

L/min may be necessary.

Another method of ventilation with a rigid bronchoscope is to jet gas down the side port.20 This

method requires an open system to prevent severe barotrauma. The gas is delivered at up to 50 psi 

(300 kPa) at the source, and without a channel for egress, pressure would be transmitted to the entire 

respiratory organ.21 The effectiveness of ventilation again has to be assessed by chest excursion. Anesthetic

agents must be administered by the intravenous route during jet ventilation.

The rigid bronchoscope can be used to slice off fragments of granulation tissue or tumor in the air-

way. The anesthesiologist must be aware of this possibility and refrain from ventilation until the loose tis-

sue is retrieved. The anesthesiologist and the operator of the bronchoscope must also negotiate adequate

time to ventilate in between apneic periods required for instrumentation. Examination through the rigid

bronchoscope is accomplished with prismatic telescopes that have superior optical properties. Ventilation

is maintained in the annular space around the telescope.

The rigid bronchoscope is well suited to examination and interventions in the trachea and main

bronchi. A flexible fiber-optic bronchoscope is needed for more distal work. The flexible instrument can be

passed through the rigid bronchoscope, allowing ventilation and distal observation.

Anesthesia can be maintained by either the inhalation or intravenous route. Neuromuscular blockade is

advantageous if the airway can be secured, since vigorous movement with a rigid bronchoscope in place could

be dangerous. Because of the large leak with the uncuffed rigid bronchoscope, inhalation agents are less desir-

able. The quantity of agent used will be uneconomical with the high flows required, and the contamination of

the operating room environment is considerable. Levels of inhalation agent in the 200 ppm range have been

published, well above the US National Institute for Occupational Safety and Health guidelines of 2 ppm for a

potent inhalation agent used without N2O.22 Intravenous agents should be selected for their short duration of

activity. Remifentanil and propofol are ideal. Awake rigid bronchoscopy in topically anesthetized patients is

only of historical relevance.



The rigid bronchoscope can be used as a platform for laser surgery of the airway. The major risk is air-

way fire. Ventilation at low FiO2 must be employed during laser segments, and N2O is not a safe diluting gas

since it too supports combustion. Even though the bronchoscope is inert, and no combustible endotracheal

tube is used, dessicated tissue can be ignited. The treatment for airway fire has been well described, includ-

ing cessation of O2, removal of the fuel, saline quenching, reestablishing an airway, and supportive care.

Flexible Bronchoscopy

Flexible bronchoscopy allows inspection of the major airways as well as several generations of the tracheo-

bronchial tree. Snares, brushes, and fine forceps can be passed through its channel to allow instrumentation

of the airway. The flexible bronchoscope is well tolerated by awake patients if adequately topicalized, and so

allows inspection of the extent of functional tracheal damage or recovery after surgery. The flexible broncho-

scope is also used for placement of endotracheal or endobronchial tubes, and for pulmonary toilet.

In the presence of severe tracheal stenosis, the flexible bronchoscope is less useful. It is difficult to

ventilate through the bronchoscope (although jet ventilation through the suction channel has been

described) and so the tube will further obstruct the airway. A rigid bronchoscope allows ventilation

through its generous internal lumen, and can be used to directly dilate stenotic regions. There is a system

for using a flexible bronchoscope to dilate the airway, first by passing a wire guide, followed by a balloon

dilator. Ventilation will have to be through the stenosis until the dilation is complete. General anesthesia

may not be required for balloon dilation with a flexible bronchoscope (a supposed advantage).23

There are several methods for managing the airway during flexible bronchoscopy. Awake patients

with adequate topical anesthesia can breathe around the bronchoscope that is passed through the mouth

or nose. Under general anesthesia, an endotracheal tube can be introduced and the bronchoscope passed

through the tube. Finally, an LMA will sit above the larynx, allowing a bronchoscope to be passed through

the LMA, the cords, and into the trachea. The LMA is particularly advantageous in very proximal lesions

and in cases where muscle relaxants are otherwise not needed.

Tracheal Resection and Reconstruction

Initial Phase. At the simplest level, anesthesia for tracheal reconstruction is an exercise in sharing the airway.

After evaluation, induction, and possibly bronchoscopy, the airway is secured with a tube distal to the lesion.

Part of the value of the initial bronchoscopy is to assist planning of the means of securing the airway. The anes-

thesiologist should view the airway with the surgeon, and get a sense of the lumen size and course. Knowing

the airway is bloody or friable will help in the management of a sudden obstruction during the operation.

There are three good reasons to start with rigid bronchoscopy: 1) examination of the trachea and

assessing resectability, 2) dilating tight stenoses or removing some endoluminal tumor to permit passage of

an endotracheal tube, and 3) in the worst cases, providing the airway used for the procedure. Rigid bron-

choscopy is essential when the airway lumen is significantly compromised; that is, less than 5 or 6 mm in

diameter. Unless the airway is dilated, the initial operative course will feature hypoventilation with atten-

dant hypoxia, hypercarbia, and arrhythmias.

Induction can be either inhalation or intravenous depending on the underlying pathology and the

experience of the practitioners. Long-acting agents are unwise since the initial bronchoscopic evaluation

may find that a resection should be postponed or cancelled.

Anesthetic maintenance can be achieved in several ways.24,25 Inhalation agents, which blunt airway

reflexes well, are inexpensive and are relatively quickly dissipated. The disadvantage is that the airway will

be opened intermittently during the procedure, so that much of the agent will contaminate the operating

room environment. Also, during those periods, no anesthetic will be administered to the patient, requiring

compensatory deeper levels before and after.
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Total intravenous anesthesia is well suited to tracheal surgery. The processes of ventilation and anes-

thesia delivery are decoupled, and the operating room air is not contaminated. Remifentanil and propofol

delivered by infusion are an excellent choice. Airway reflexes are well blunted, and the effects wear off

quickly at the conclusion. Other intravenous regimens such as ketamine hydrochloride infusions, sufentanil

citrate or alfentanil hydrochloride infusions, and barbiturates are certainly possible, but run the risk of pro-

ducing lingering postoperative sedation, which is undesirable.

Regional techniques are used for simple tracheal procedures, like flexible bronchoscopy and occa-

sionally tracheostomy. In theory, a cervical tracheal resection could also be performed under block, but the

level of cooperation required, particularly if rigid bronchoscopy is contemplated, makes it impracticable.

The monitoring required for tracheal surgery concentrates on the assessment of respiration. CO2 mea-

surements in the end-tidal gas and arterial blood are helpful to assess the adequacy of ventilation. Oxygena-

tion is confirmed by pulse oximetry. An arterial catheter is helpful, especially in the postoperative period. It

is possible to compress the innominate artery, which crosses the trachea at the sternal notch. Such compres-

sion will impair blood flow to the right arm and right carotid. Either an arterial line or pulse oximeter on

the right arm will provide warning. More extensive hemodynamic monitoring should be dictated by other

coexisting conditions. Intravenous access will be needed, but major volume requirements are rare.

Resection. The preferred position of the endotracheal tube at the start of the resection is distal to the

lesion (Figure 18-1A). If the tube is proximal, the surgical manipulation may provoke airway obstruction

in some types of tracheal lesions. In some situations, distal intubation will not be feasible. Once the airway

is secured, the patient is positioned for the tracheal resection with the neck extended to deliver the trachea

out of the thorax. Space will be tight around the patient’s head, but access must be preserved to allow the

anesthesiologist to manipulate the endotracheal tube, an essential part of the procedure.

Surgical dissection is performed to expose the affected region, and the endotracheal tube is with-

drawn sufficiently to allow severing of the trachea (Figure 18-1B). Ventilation is then accomplished with a

tube placed in the surgical field into the distal trachea, attached to a circuit that is accessible by the anes-

thesiologist. If possible, the circuit should include a sampling port to allow assessment of end-tidal CO2.

The tube placed on the field will lie in a tightly curved position, so a nonkinking flexible armored

tube is preferable. The tube is also placed into a rather short distal tracheal segment, so that it will easily be

advanced into a mainstem bronchus. For all these reasons, as well as the potential that blood and clots can

run into the trachea from the surgical field, the anesthesiologist must maintain close vigilance over the tube

position and pulmonary compliance.

An alternative to distal intubation with an endotracheal tube is the use of jet ventilation with a jet

catheter.26,27 The jet catheter is of smaller caliber and does not require a seal to deliver tidal volume. There are

some drawbacks to jet ventilation, including more difficult assessment of the adequacy of ventilation, unless a

separate distal sampling catheter is used. Barotrauma is a constant risk if the catheter is advanced into too small

a segment of the pulmonary tree. Jetted gases are rarely humidified, so the respiratory tract will become dehy-

drated, and secretions will be more difficult to mobilize. It is hard to deliver gaseous anesthetics via jet ventila-

tion, and there is the aesthetic problem of aerosolized blood and secretions from the jetting process. Finally, the

jet catheter will tend to recoil from the airway, so it must be held in place by a member of the surgical team.

One other proposed method for oxygenation and ventilation is the use of cardiopulmonary bypass

(CPB). No airway appliance would be required with this technique. There are substantial disadvantages to

CPB, including the need for anticoagulation, microemboli, and more invasive access. More difficult recon-

structions, where CPB might be contemplated, usually are intrathoracic, and the substantial lung manipu-

lation required for surgical access would be damaging in the anticoagulated state. Indeed, in experienced

centers, CPB is never needed unless major vascular or cardiac work is also required (eg, vascular rings).



Reconstruction. The necessary resection is done and the reconstruction prepared by placing sutures

loosely spanning the resected area. Intermittent removal of the endotracheal tube facilitates placement of

sutures in the distal margin. When it is time to bring the two tracheal ends together, the surgical tube is

withdrawn and the orotracheal tube is carefully advanced into the distal trachea (Figure 18-1C).

Flexion of the neck shortens the distance from the trachea to the carina, so the neck is now flexed to

allow the tracheal ends to be reapproximated without tension. This neck flexion will be maintained for the

balance of the procedure and throughout the postoperative recovery period.

In some instances, the orotracheal tube will have been withdrawn entirely from the trachea during

the reconstruction to allow better exposure of the subglottic larynx for repairs at that level. Direct laryn-

goscopy to replace it would be difficult under the surgical drapes, but fiber-optic intubation would cer-

tainly be possible. Fortunately, there is a clever alternative method of intubation. A small stiff catheter is

passed retrograde from the surgical field, and fished out of the mouth. An endotracheal tube can then be

sutured to the end of the catheter, and the whole assembly pulled into the trachea. This maneuver will be

necessary if the orotracheal tube is pulled out, if the patient had a preexisting tracheostomy that was used

initially, if the rigid bronchoscope served as the airway during the initial phase of the resection, or if the

endotracheal tube was damaged when the trachea was entered. For proximal lesions, where the tube will

likely need to be pulled out of the trachea, suturing a catheter to the orotracheal tube before it is fully

withdrawn may simplify the reintubation.

Emergence. At the end of the procedure, the goal is to have an extubated patient with a patent airway.

There are several reasons to prefer extubation. An appliance in the trachea will irritate the tracheal anasto-

mosis, especially if the end of the tube or the cuff is at the suture line. Positive pressure ventilation will also

put strain on the suture line, and tend to push air into the tissues until the mucosa has sealed. A tra-

cheostomy distal to the repair is possible, but will injure some of the remaining good trachea, so it is avoid-

ed. If the airway needs to be secured in the postoperative period, either because of transient swelling or

injury to the innervation to the cords, then a small uncuffed tube is preferred. The reintubation can be

achieved either with direct laryngoscopy while maintaining strict neck flexion (a straight laryngoscope

blade works best) or by fiber-optic intubation.
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FIGURE 18-1 Ventilation for tra-
cheal resection. A, The endotra-
cheal tube (ET) is passed beyond
the obstructing lesion. In this case a
tight stenosis provides a seal with-
out inflating the cuff. B, The tube is
retracted and the trachea is divided
below the lesion. Cross-field intu-
bation is performed. If there is
insufficient distal trachea, the cuff
is seated in the left main bronchus.
C, After all sutures are placed, the
proximal ET is passed distally and
the cuff is inflated while the anasto-
mosis is completed.
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Neck flexion must be rigorously maintained. Even one episode of extension in the emergence, period

may disrupt the anastomosis. This will be a disaster, both acutely (bleeding, subcutaneous emphysema, and

loss of airway) and longer term (leak, scarring, and restenosis). To prevent neck extension, a suture is placed

from the chin to the chest. This will prevent an awake patient from unconsciously extending the neck, but it

will not stop the movements of a partially conscious patient in the midst of emergence. A prudent anesthe-

siologist will keep a hand on the occiput throughout the emergence and transport process, forcing the head

to follow the torso during patient movement. All other matters of organization and equipment can be dele-

gated. To the extent possible, gentle emergence, avoiding violent coughing and movements, is preferable.

Opiates should be used sparingly. Pain is usually minor; small amounts of narcotic and non-

narcotic analgesics are quite sufficient. Furthermore, we desire an awake, cooperative patient who is able to

maintain upper airway patency.

A large part of the art of anesthetizing patients for tracheal reconstruction occurs in the immediate

postoperative period, when the adequacy of the airway must be evaluated. Good tidal volumes and a strong

voice are signs of a successful outcome. If the patient does not appear to be moving air well, several alterna-

tives must be quickly assessed. Absent or inadequate respiratory effort is a result of inadequate respiratory

drive or muscle strength. Both scenarios should be treated symptomatically with support of ventilation and

reversal of neuromuscular block or respiratory depression. Again, since these patients have less tolerance of

respiratory compromise, a properly planned anesthetic will tend toward light levels of block and sedation.

Patients with respiratory obstruction will show vigorous effort, but inadequate air movement. Ster-

nal and intercostal retraction, and discoordinated chest and abdominal excursion are all signs of obstruc-

tion. In the more awake patients, anxiety and air hunger will be manifest. The clinical question is then

whether the obstruction is in the upper airway (above the vocal cords), or in the (more worrying) lower

airway. Upper airway obstruction can be treated by conventional methods: oral suctioning, jaw thrust, oral

or nasal airways, or even an LMA. The only caveat is to avoid neck extension.

Lower airway obstruction can also be due to edema of the trachea or larynx. This is particularly like-

ly if extensive manipulation was required, if the disease process affected nonresected areas, or if infection is

present. Severe cases will require a stenting tube; that is, a small caliber uncuffed endotracheal tube. In less

severe situations, nebulized epinephrine, upright posture, and a short course of steroids will be sufficient.

Cord function can be impaired from the preexisting disease, or by the surgical dissection. Even

though the nerves may be anatomically intact, stretch or trauma may cause transient spasm that adducts

the cords. Fiber-optic examination or direct laryngoscopy will show tightly adducted vocal cords, and pas-

sage of a small endotracheal tube, or temporary tracheostomy, will be necessary.

Finally, technical problems with the anastomosis are always possible. It is wise to inspect a problem-

atic reconstruction fiber-optically, before the end of the procedure, since unanticipated problems can occur.

In the extreme situation, the operation will have to be resumed, and the reconstruction revised—not a

pleasant occurrence.

In the first day or two after the procedure, intensive nursing care with close observation is needed. Prob-

lems include difficulty in clearing secretions, and bleeding in the neck, compromising the airway. Serial broncho-

scopy at the bedside is common, both to assess the surgical repair and to assist with pulmonary toilet.

Patients with previous tracheal reconstruction presenting for unrelated anesthesia are not particular-

ly difficult to manage, although fiber-optic intubation or examination has some merits. The larynx may be

relatively distal if the resection was extensive or the tracheal mobility limited (heavy set and older patients).

A successfully reconstructed trachea should have smooth walls without stenotic segments; however, even

clinically satisfactory repairs can have mild narrowing at the site of the anastomosis. Furthermore, there is

risk of inadvertent endobronchial placement of an endotracheal tube, since the tracheal length may be short-

ened after resection. Effort to be gentle in introducing the endotracheal tube and inflating the cuff is desir-



able. If possible, it would be better not to have the cuff sit across the anastomosis. Techniques that avoid intu-

bation, such as regional techniques, mask ventilation, or the LMA, also are appropriate.

It is possible that there is residual disease or stenosis at the site of the surgery that is not yet sympto-

matic. If the patient has not been routinely or recently evaluated, a prudent approach to these patients is to

have the thoracic surgeon perform bronchoscopy prior to the surgery.

Carinal Resection and Reconstruction

Lesions near the carina add some new challenges to the process of the tracheal resection and reconstruc-

tion discussed above.28,29 The procedure is intrathoracic, usually approached from a thoracotomy, and the

lungs cannot be treated as a single entity. As in all thoracotomies, arterial monitoring is prudent and meth-

ods of postoperative analgesia, such as thoracic epidural catheters, are needed.

The considerations for induction of anesthesia are similar to those for surgery for higher lesions,

although it is even more clear that surgical access to the airway, in the case of a complete obstruction, is not

an option. Some authors suggest veno-venous bypass as a fallback technique.30 Severely obstructing tumor

at the carina may be cored out bronchoscopically to provide an adequate initial airway (see Chapter 19,

“Urgent Treatment of Tracheal Obstruction”). Once the bronchoscopic examination is completed, it is time

to intubate the trachea. There are several options. If the airway is not too compromised, then the tube can

sit above the lesion. The trachea will often be approached via thoracotomy, and the airway entered. Expo-

sure cannot be assisted by collapse of the lung unless a blocker is passed into the surgical side. If the

bronchus is already damaged, a blocker would be unwise, so small tidal volumes and some effort from the

surgeon’s assistants are required. Once the trachea is entered, a tube is passed on the field into the opposite

mainstem bronchus, and single-lung ventilation is employed.

Some lesions are better addressed by a distal intubation from the start. Since the lesion is at or beyond

the carina, the only option is endobronchial intubation (Figure 18-2). An endobronchial tube is chosen

instead of a standard double-lumen tube, because the double-lumen tube is too bulky to permit tracheal

surgery. Long flexible tubes of small diameter but sufficient length (>31 cm) to reach the bronchus are not

currently widely available. It is possible to easily construct them by combining two tubes. An example is

shown in Figure 18-3, using a Phycon, a silicone armored cuffed tube with its integral collar, and a length of

standard PVC tubing placed in the collar with a friction fit. The lumen stays a constant diameter and the tube

has the desirable properties of being more stiff in the upper portion and flexible and nonkinking in the lower

portion. Note that the tip design in endobronchial tubes is important. There is not a long segment of

bronchus in which the cuff and distal portion may sit, so a shorter cuff-to-end design is preferable. Trim-

ming the end of an endotracheal tube will make the cuff incompetent since the cuff air channel runs beyond

the cuff. The endobronchial tube is positioned under fiber-optic guidance. The jury-rigged nature of these

tubes, as well as the extensive surgical manipulation of the region, causes frequent tube malpositioning. A

fiberscope should be constantly at hand, as the anesthesiologist will be required to make frequent corrections

as the operation proceeds.

Other creative endobronchial tubes have been fashioned by trimming the distal portion of the tra-

cheal lumen off a double lumen (destroying the tracheal cuff), as shown in Figure 18-4. This leaves a sin-

gle lumen in the distal trachea that ends in the bronchus. The endobronchial lumen is well designed for the

bronchus, especially the right mainstem bronchus. The abbreviated tracheal lumen is in fact quite useful,

allowing introduction of a fiber-optic bronchoscope, jet catheter, bronchial blocker, or oxygen insufflation.

This modified double-lumen tube is less satisfactory, however, in greatly distorted airways, since the con-

tour is designed for normal anatomy and has no protection against kinking once warmed and bent.

With endobronchial intubation, one lung will not be ventilated. As in all thoracotomies, the level of

shunt and desaturation is variable and unpredictable. Standard maneuvers include suctioning, confirming
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position, increasing FiO2, and varying the ventilatory patterns. Unlike many thoracotomies, it is not as easy to

administer ventilation to the deflated lung. While the airway is intact, deflating the endobronchial cuff, block-

ing the mouth and nose, and delivering longer and larger tidal volumes can help. Alternatively, placing anoth-

er endotracheal tube high in the trachea (ie, two endotracheal tubes, of small diameter) can allow differential

ventilation, or at least constant positive airway pressure (CPAP). Another approach is to place an LMA after

the endobronchial tube, and if it seals sufficiently, CPAP can then be administered. Finally, a jet catheter can

be placed in the trachea. Indeed, a technique using two jet catheters has been described.31 The jet catheter has

the advantage of not requiring a seal, but may not be effective if there is substantial distal obstruction. In

extreme circumstances, blood flow to the pulmonary artery can be restricted, lessening shunt.

Once the airway is open, CPAP cannot be administered from above. A second tube can be placed

from the field into the deflated lung, or a jet catheter can be used (see Figure 18-2C). The jet catheter has

the advantage of being small enough to allow surgery to proceed, of not requiring an entire circuit, and that

the length that needs to be placed in the trachea is very small. Since large tidal volumes are not needed on

the surgical side, the force and mess of jetting is less.

The conduct of one-lung ventilation for carinal surgery requires all the considerations given to

conventional pulmonary resection. Care with airway pressures and avoidance of overdistention are

FIGURE 18-2A Intubation and ventila-
tion for carinal resection and reconstruc-
tion. Lesion limited to carina. A, A long
endotracheal tube (ET) is proximal to the
lesion, but is preferable passed into the
left main bronchus. B, The ET is retract-
ed, the left main bronchus is divided and
intubated across the operative field.
C, Main bronchi are joined medially to
form a neocarina. The ET in the left main
bronchus is removed intermittently to
facilitate suturing. D, After all anastom-
atic sutures placed between the trachea
and the joined main bronchi, the proxi-
mal ET is advanced into the left main
bronchus and anastomosis is completed.

A B

C D



important. In cases where a pneumonectomy is performed, there are also the issues of thoracic volume

and shift of the mediastinum, as well as the need for careful fluid management, lower FiO2, and gentle

surgical manipulation.32,33

There is little difference in the management of emergence from anesthesia in carinal surgery as

opposed to tracheal surgery. Cord swelling is less likely, but obstruction from blood and secretions is more

common. Pain control will be a bigger factor; the selection of methods that do not suppress respiratory

drive is preferable.

Patients with previous carinal surgery who present for unrelated surgery should not, in general, pre-

sent particular anesthetic problems. It would be prudent to avoid pushing an endotracheal tube too distal-

ly and risk injuring an anastomosis. Most anesthesiologists at centers with experience with these patients

would confirm good tube position and an undamaged distal airway with bronchoscopy after intubation. If

lung isolation is required for the surgical procedure, the considerations are more involved. As much as pos-

sible, it is wise to avoid instrumenting and especially inflating a cuff in a repaired region. The carinal anato-

my will be abnormal, with possibly shorter bronchial lengths and different angles of departure for the

bronchi. The use of an endobronchial tube may be necessary. In any case, all tube positionings should be

done under fiber-optic guidance to avoid the risks of malpositioning.
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FIGURE 18-2B Intubation and ventila-
tion for carinal resection and reconstruc-
tion (continued). Lesion involving carina
and less than 4 cm of trachea. A, A long
endotracheal tube (ET) is used as in 
18-2A. B, Intubation across the operative
field into left main bronchus. C, The
proximal long ET is advanced for com-
pletion of anastomosis between trachea
and left main bronchus. The dotted line
in the lower trachea indicates site of ori-
fice to be made for the elevated right
main bronchus. D, Completion of the end
to side anastomosis of right main
bronchus to trachea.

A B

C D
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Stents 

If primary removal or correction of airway lesions is not possible, other means of assuring an airway must

be found. These include tracheostomy tubes, T tubes, and stents. 34,35

Tracheostomy. The standard tracheostomy should be familiar to all practitioners. It can be performed

under topical anesthesia in impending airway obstruction, or on a patient with an endotracheal tube in

place. The management is similar to reconstructive surgery, except that extubation, neck flexion, and con-

cerns about upper airway obstruction are not present.

The indications for tracheostomy include facilitating controlled ventilation, protection of the airway

against aspiration and bleeding, and allowing airway access distal to an obstructed or damaged portion.

Tracheostomy is also commonly performed in patients requiring prolonged intubation since it is more

comfortable and less injurious to vocal cords than orotracheal or nasotracheal intubation. There has to be

special consideration of gas humidification since the function of the nasopharynx is bypassed. If no humid-

ification and cleaning is done, then the tube will eventually become obstructed with secretions. Voice can

be preserved via a number of tube modifications, including choosing not to use a cuff or choosing a tube

with a special fenestration.

FIGURE 18-2C Intubation and ventila-
tion for carinal resection and reconstruc-
tion (continued). Lesion involving carina
and an extensive segment of trachea.
A, Ventilation as previously indicated. B,
Mobilization and anastomosis of right
main bronchus to proximal trachea is
performed first while ventilation is effect-
ed across the operative field in the left
main bronchus. C, After completion of
the first anastomosis, a jet catheter may
be passed to provide oxygenation in the
right lung. Dotted line indicates location
of orifice in bronchus intermedius for
implantation of left main bronchus.
D, Endotracheal tube across the field in
the left main bronchus may be intermit-
tently removed as sutures are placed. As
anastomosis is being completed, a jet
catheter may be substituted to provide
high frequency ventilation of the left lung.

A B

C D



When presenting for another procedure, a patient with a tracheostomy tube can either be ventilated

through the existing tube, or the tracheostomy tube can be exchanged for a cuffed endotracheal tube passed

through the tracheostomy stoma. It is unwise to remove a fresh tracheostomy tube since the stoma has not

yet healed and the replacement tube can easily enter another tissue plane. If a tube is placed, attention must
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FIGURE 18-3 Endobronchial tube made from an extended armored endotracheal tube. This technique allows considerable
flexibility in length, caliber, and use. Cuff design is not optimal for the right bronchus.

FIGURE 18-4 Endobronchial tube made from a modified endotracheal tube. The tracheal lumen is removed from the dis-
tal portion of the tube. The endobronchial design is excellent, but different for right and left bronchi.
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be paid to the depth of insertion, since the length to the carinal bifurcation can be deceptively short. The

effectiveness of ventilation will also depend on whether there is a cuff in place, or whether the inner can-

nula that covers the fenestration of a fenestrated tube is in place.

T Tube. The T tube is an uncuffed tube that sits in the trachea, and is held in place by the sidearm through

a tracheostomy stoma. It is designed to bridge any diseased portion of the trachea, allowing full voice and

mouth breathing. The tracheostomy segment is typically capped, but can be opened if there is a proximal

obstruction, and for suctioning (see Chapter 39, “Tracheal T Tubes”).

Placement is done in an anesthetized patient, with the folded tube placed through the stoma and

springing into proper position. Evaluation via flexible bronchoscopy through the sidearm, and rigid broncho-

scopy from above, will also show adjustments that need to be made. The procedure can take many iter-

ations to find the optimal size and length for each segment. At times, the tube may lie in a folded state in

the distal trachea, completely obstructing the airway. The anesthesiologist needs to recognize this prompt-

ly and provoke correction or removal. There will be extensive apneic periods during placement and manip-

ulation, requiring coordination between the anesthesiologist and the surgeon. In the interlude, a small

endotracheal tube can be placed in the stoma, or the stoma can be covered and ventilation accomplished

through the rigid bronchoscope.

At the end of the procedure, the patient should be ready to resume spontaneous ventilation. Blood

and secretions can precipitate an acute obstruction, so close observation, suctioning, and even removal of

the tube may be needed. Although the goal is to cap the sidearm, there may be enough swelling of the lar-

ynx after all this manipulation to delay capping for a few hours. Humidified oxygen applied to the stoma

will be needed.

If a patient with a T tube in place comes for unrelated surgery, there are several options. Regional

techniques, where appropriate, will avoid airway manipulation. An LMA can be placed, and the sidearm

left capped. The tube will then perform its function as a tracheal stent. The sidearm can be accessed by

removing its cap and placing the adapter to an appropriately sized endotracheal tube. In this case, the tra-

chea is open above, and ventilation will depend on the relative resistance of the two arms. The upper arm

can be obstructed by a blocker, placed via laryngoscopy or placed via the sidearm, and cajoled into sitting

in the proximal lumen. Finally, the T tube can be entirely removed and replaced with a tube through the

tracheostomy. The choice of method should depend on the nature of the procedure and the predicted

postoperative course.

Endoluminal Stents. Endoscopically placed stents can be silicone tubes or expanding wire devices (see

Chapter 40, “Tracheal and Bronchial Stenting”). The stents are placed directly via a rigid bronchoscope, or

using a flexible guidewire placed with a flexible bronchoscope. Rigid bronchoscopy allows ventilation

through the bronchoscope, whereas flexible bronchoscopic techniques require intermittent ventilation with

a mask, tube, or jet catheter.36 The major anesthetic considerations, besides the underlying tracheal pathol-

ogy, is the chance that a poorly positioned stent will completely obstruct the airway. As with T tubes, the

stent, once deployed, may need minor corrections to improve its function, so an anesthetic of unpredictable

duration ensues. On emergence, patients tend to find the stent irritating, and can cough it out of position.

The patient will need to be reinduced and the process restarted. Assessment of the adequacy of air move-

ment, and maneuvers to improve the airway, such as nebulized epinephrine and a short course of steroids,

may be needed.

When a patient with a stent presents for unrelated surgery, many of the considerations for patients

with T tubes pertain. Regional techniques and the LMA will avoid tracheal manipulation. If it is necessary

to secure the airway, all the information available on the stent and the underlying tracheal lesion should be



collected (probably a wise precaution even if intubation is not planned). The location of wire stents can be

seen on an x-ray. If the stent is relatively distal, then a tube placed in the proximal trachea may not impinge.

The tube should be placed under fiber-optic guidance, and care must be taken not to allow it to move dur-

ing patient positioning. Although it is possible to intubate into or beyond the stent, there is the real risk of

dislodging the stent, either by pushing it distally and causing obstruction, or by inadvertently removing it

on extubation and leaving a vulnerable trachea. With time, wire stents become embedded into the tracheal

wall, and potentially become more secure, but the extent and safety of this is not yet known.

Conclusion

The anesthetic management of patients is entwined with the surgical management in tracheal surgery.

Anesthesia can not be planned in isolation. Nevertheless, a deep understanding of the anatomy of the

lesions, and the physics of airflow in the airways, guides our approach. The art of anesthetic management

is in knowing when spontaneous versus controlled ventilation is preferable, and in recognizing and

responding to an obstructed airway. The focus is much more on ventilation, with hemodynamics, fluid

management, and pain control secondary.

What will the future bring? Some changes in anesthetic agents, surely. Fast acting narcotics and seda-

tives are here; we now need a muscle relaxant with sufficiently transient action to allow recovery of spon-

taneous respiration when control is unsuccessful. New surgical techniques are also inevitable. We can look

forward to continued improvements in diagnostic imaging techniques, stents, and fiber-optic instruments.

Perhaps tracheal replacement will be possible. The anesthetic management will need to evolve in step.
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C H A P T E R  N I N E T E E N

Urgent Treatment 
of Tracheal Obstruction

Cicatricial Stenosis

Neoplastic Obstruction

Hermes C. Grillo, MD

A frequent complication and presentation of tracheal disease is obstruction. Failure to recognize critical

degrees of obstruction can lead to death. As noted elsewhere, a tracheal obstruction due either to benign

stenosis or neoplasia, in patients who have radiologically normal lung fields, is frequently diagnosed as

“adult onset asthma,” allowing obstruction to reach a critical level. In an emergent state, a small mucous

plug or bleeding can easily cause fatal obstruction. Airway obstruction may produce unyielding pneumo-

nia. Prompt treatment is necessary. Acute obstruction due to trauma is dealt with in Chapter 9, “Tracheal

and Bronchial Trauma.” Obstructions from benign stenosis or neoplasia are each managed differently.

Cicatricial Stenosis

Postintubation stenosis, either stomal or cuff induced, is the most common non-neoplastic cause of

severe obstruction. Other causes are idiopathic, post-traumatic, postoperative, postirradiation, post-

infectious stenosis, and those due to diseases such as sarcoid, amyloid, and Wegener’s granulomatosis.

The security of an intensive care unit, good humidification, face mask oxygen or heliox, gentle chest phys-

iotherapy, and mild sedation usually comforts the patient enough to permit radiologic studies. If urgency

is very acute, the patient is intubated, suctioned, and ventilated on the Venturi principle with an Ambu

bag. This degree of urgency is exceedingly rare. Usually, the patient is simply moved expeditiously to the

operating room.

The goals of emergency treatment must be kept clearly in mind. Emergency resection of a lesion is almost

never required, although it may be the correct choice if patients’ problems are well defined, their physical state is

otherwise optimal, no complicating factors are present, and the operating room circumstances are ideal. Even so,

a tight stricture should be dilated prior to resection. As a rule, if tracheal stenosis shows a 5 to 6 mm diameter or

less, dilation should be done immediately after induction of anesthesia. This permits passage of a small endo-

tracheal tube through the stenosis for safe ventilation. If this is not done, then the patient may well accumulate

CO2, which can precipitate arrhythmia during exposure of the lesion and then require urgent measures. This is

completely avoided by insisting on an adequate airway prior to commencing operation.
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A second goal of dilation is to allow safe deferral of operation. Reasons for delay are to complete the

work-up, to treat concurrent medical problems, to optimize operating conditions and staff, to clear

obstructive pneumonia, and to wean from high doses of corticosteroids. The last can severely impair heal-

ing of an anastomosis. Patients may be maintained with periodic dilations, if necessary. If dilation is not

necessary too frequently, then it may be a preferred treatment in such cases as severe idiopathic stenosis

extending to the vocal cords, or severe late irradiation stenosis of the subglottic larynx and upper trachea.

Anesthesia

Emergency tracheal dilation must be done under general anesthesia. Most essential is the complete confi-

dence of the anesthetist in the surgeon’s ability to obtain an airway immediately, if demanded. Conversely,

the surgeon must have full confidence in the anesthesiologist’s ability to handle a difficult airway before and

during dilation. Basic monitoring includes electrocardiography, oximetry, and an atrial line. The procedure

is carried out under deep inhalation anesthesia (see Chapter 18, “Anesthesia for Tracheal Surgery”). The

advantage of inhalation anesthesia is that the patient maintains respiration, thus avoiding dangerous peri-

ods of apnea. Furthermore, the patient will breath spontaneously immediately after the procedure. An

alternative is the use of the Sanders’ apparatus, which provides “Venturi”-type ventilation. Drugs and relax-

ants that depress respiration are avoided. The surgeon must be present when anesthesia is induced, with all

the necessary bronchoscopic equipment at hand. Induction with a 2 to 3 mm airway may take a prolonged

time due to slow gas exchange, thus patience is required. At any moment, if the obstruction worsens, the

surgeon proceeds immediately to bronchoscopy and dilation, as described below.

Technique of Dilation

The instruments that should be available include rigid bronchoscopes, ranging as follows: 3.5, 4, 5, 6, 7,

8, and 9 mm sizes (Figure 19-1). Jackson bronchoscopes with a ventilating sidearm are preferred. These

bronchoscopes have the advantage of a somewhat rounded character to their bevelled tip. This contrasts

with the rather sharp, spade-like lip of Storz bronchoscopes (see Figure 5-3 in Chapter 5, “Diagnostic

Endoscopy”). The latter, in pediatric sizes, are superb for diagnostic examination in infants and children

but are less advantageous for dilation of tight stenoses. Small-sized Jackson-Pilling esophageal bougies

should be available. These may be difficult to obtain. Standard bronchoscopic biopsy forceps, both

straight and angled, should also be available. A wide suction cannula is essential. A zero degree Hopkins

telescope is used.

The lesion is visualized through an adult bronchoscope and secretions are cleared. Dilation is com-

menced with successively larger bougies. The full length of the bougie is not passed, to avoid distal injury

of the membranous wall. At this point, it is sometimes possible to advance the adult bronchoscope over a

larger bougie, with a firm but gentle corkscrewing motion, after engaging the bronchoscope’s tip in the

stenotic orifice. Excessive force should not be used, nor should this be done blindly. The stricture may be

far firmer than normal tracheal tissue. If excessive force is used prior to adequate dilation, the broncho-

scope could perforate the softer membranous wall just above the stricture. For the same reason, an endo-

tracheal tube must not be forced through a stenosis over a stylet. If there is firm resistance, or if it appears

nonfeasible, then the patient should be ventilated briefly, with the proximal end of the bronchoscope

occluded either with the thumb or an occlusive window. At any point during these maneuvers, should the

anesthetist request that manipulations cease in order to ventilate the patient through the undilated stric-

ture, the surgeon must comply immediately.

Jackson pediatric bronchoscopes are used next. The starting size is chosen after visualizing the stenosis.

The smaller pediatric bronchoscopes (3.5 to 5 mm) are passed through the vocal cords with a laryngoscope.

A Jackson laryngoscope with a removable slide is ideal for this purpose (Figure 19-2). Other laryngoscopes



may be used, with a straight Miller blade being preferred. The slide must be removed from the Jackson intu-

bating laryngoscope so that the laryngoscope can be removed after a short bronchoscope has been insert-

ed. The bronchoscope is introduced through the stenosis with a firm but gentle, slightly rotary movement.

Secretions are aspirated as necessary. The patient is immediately ventilated vigorously, with the proximal

end of the bronchoscope occluded. With even a 3.5 mm bronchoscope, it is possible to attain entirely sat-

isfactory levels of oxygenation and CO2 removal. When the anesthesiologist agrees that it is safe to proceed,

the next sized bronchoscope is passed. Serial dilations continue until adult-sized bronchoscopes are passed.

The surgeon must decide how large a bronchoscope to pass without danger of splitting the trachea. It is

almost always possible in adults to carry dilation through a 7 or 8 mm bronchoscope, effectively a 9 to 10

mm diameter. After the airway has been thoroughly cleansed, and the patient is well oxygenated and stable,

the last bronchoscope is withdrawn and the patient awakened.

A stenosis, particularly when inflamed, may be divulsed by dilation. Bits of granulation tissue and torn frag-

ments of scar that remain on the tracheal wall are removed patiently and conservatively with biopsy forceps before

withdrawing the bronchoscope. I have never encountered excessive bleeding with these maneuvers. Minimal

bleeding from biopsy can be easily tamponaded with the bronchoscope, and soon stops. If spontaneous ventila-

tion has been used, it is usually unnecessary to intubate the patient following the procedure. If undue secretions
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FIGURE 19-1 Instruments for tracheal dilations. From top to bottom: adult Jackson ventilating bronchoscope (7, 8, and 
9 mm); range of small diameter semirigid plastic esophageal bougies which will pass through a 7 mm bronchoscope; 9 mm
by 25 cm ventilating bronchoscope, useful but not essential for treating subglottic stenosis; pediatric ventilating Jackson
bronchoscopes (3.5, 4, 5, and 6 mm).
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or blood are present or if the patient breathes poorly, an endotracheal tube is passed through the dilated area for

adequate toilet until the patient is fully awake. Ventilation is seldom necessary.

Dilation performed precisely in this stepwise fashion has been completely safe in our hands, in hun-

dreds of patients. Deviations or loss of control could easily lead to neurologic damage or death. The airway

that is attained may remain satisfactory in caliber for days to months (Figure 19-3). The length of pallia-

tion is highly unpredictable. Subsequent management depends on the therapeutic plan for the basic dis-

ease. If patients are expected to need frequent dilations, require a long wait before definitive surgery, will

be returning to uncertain medical supervision, or are unsuitable for repair and hence require permanent

splinting, then a T tube should be considered.

Stenosis due to postintubation cuff injury responds well in the short term to dilation since the

pathology consists principally of a circumferential cicatrix. In contrast, stomal stenosis is the result of con-

traction of an anterior defect, which pulls the tracheal walls together. The dilating bronchoscope is there-

fore easily passed through a stomal stenosis, but the walls of the trachea snap back together again as soon

as the dilating instrument is withdrawn. The bronchoscope will remove granulomas that may be present

on the anterior scar, producing some immediate relief.

A laser can be used to trim part of a stenosis adjacent to the tracheal lumen. Granulations can also

be removed. Laser excision to any depth risks perforation of an hourglass stenosis into the mediastinum,

esophagus, or brachiocephalic artery. In stomal stenosis, lasering to any depth will destroy the contracted

tracheal wall. Radial laser incisions followed by dilation have been recommended. There is little to indi-

cate that the laser improves upon direct bronchoscopic dilation for acute obstruction. Repeated laser

treatment produces more scarring and can lengthen a previously short lesion. It is not very satisfactorily

curative. Experienced practitioners hence advise use of laser definitively only in thin, “web-like” benign

stenosis.1,2 Such lesions are vanishingly rare and also respond to simple dilation urgently and to surgical

resection definitively (see Chapter 37 “Laser Therapy for Tracheobronchial Lesions”). Institution of a

tracheostomy below a stenotic lesion to permit repeated laser treatments is to be deplored, since it com-

pounds the lesion by damaging a greater length of trachea (see Figure 10-2A in Chapter 10, “Tra-

cheostomy: Users, Varieties, Complications”).

FIGURE 19-2 Jackson laryngoscope to facil-
itate rigid bronchoscopy. The slide attached
to the blade is removed prior to the introduc-
tion of a pediatric bronchoscope, since the
latter is too short to allow the slide (and
hence the bronchoscope) to be removed after
passing the bronchoscope. Because of the
small diameter of a 3.5 or 4 mm broncho-
scope, the intubating laryngoscope greatly
facilitates their passage.



Tracheostomy should generally not be used to manage acute obstruction. Dilation, performed as

described, is preferred, since it does not injure more trachea, which makes future resection more complicat-

ed. If tracheostomy must be used, either acutely or to temporize after initial dilation, it should ideally be

placed through the stenotic segment if this is accessible in the neck. Future resection will remove both steno-

sis and stoma without loss of more trachea. If the stenosis is below the sternal notch, and tracheostomy is

necessary for some reason, it should be placed at the level of the second ring, the distal stenosis dilated, and

a tube introduced that is long enough to pass through the dilated stricture.

Neoplastic Obstruction

The problems and management of acute tracheal obstruction due to neoplasia are different from those of

benign stenosis. Blockage by a tumor must be removed rather than dilated. Therapeutic goals are l) to facil-

itate safe anesthesia for resection; 2) to permit delay of resection for study, to clear obstructive pneumonia,

to wean from high doses of steroids, and to stabilize medical conditions; and 3) to allow palliative irradia-

tion, external or brachytherapy. If obstruction is due to extrinsic compression by a tumor, an internal stent

or T tube stent can provide temporary relief.

Anesthesia 

The same considerations apply as for benign stenosis. Communication between the endoscopist and the

anesthetist must be complete. For example, momentary interruption of ventilation avoids driving loosened

bits of tumor and blood into distal bronchi.

Technique 

An airway can always be established promptly in a patient with neoplastic obstruction of the trachea or of

the carina. Bleeding studies should be done. If any portion of the tracheal circumference is free of tumor, a

rigid bronchoscope will pass beyond the obstruction. Cartilages and tumor yield to the bronchoscope. In the

uncommon situation where tumor is completely circumferential, a bronchoscope may be insinuated

through the residual tiny lumen with a corkscrewing motion. Blood or tumor debris is removed with a wide-
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FIGURE 19-3 Postintubation tracheal stenosis before dilation (A) and after bronchoscopic dilation (B). Circumferential steno-
sis (of cuff origin) usually responds to dilation in this way, since a ring of scar tissue is stretched. Stomal stenosis, which results
from anterior loss of tracheal substance, is easily dilated, but it usually snaps back when the bronchoscope is withdrawn.
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bore suction tip and the patient stabilized with respect to oxygenation and partial pressure of carbon diox-

ide (PCO2). The tumor is initially assessed with a Hopkins magnifying telescope to be certain it is not undu-

ly vascular. Excessively vascular lesions, such as a hemangiomatous malformation, are very rare. Initial min-

imal biopsy can test vascularity if there is concern. Biopsy in any case is needed if a diagnosis has not

previously been established. Excessively vascular lesions or the rare arteriovenous malformations should not

be biopsied. Limited tumors can be resected and diagnosis established by frozen section from the specimen.

A coring technique is used to remove obstructing tumor of the trachea, carina, or main bronchus.3 A

rigid bronchoscope of adult size (7 to 9 mm) is passed through the tumor with a rotary notion. The bevelled

tip of the Jackson bronchoscope is favored. The axis of the airway must be kept in mind to avoid penetrat-

ing the tracheal wall, which may be completely replaced by tumor. Special care must be taken at the carinal

spur. Potential exists, as with a laser, for injury to the pulmonary artery or other major structures. Detached

pieces of tumor are quickly removed with suction. Coring is continued until a satisfactory airway is obtained

(Figure 19-4). The bronchoscope is periodically occluded for ventilation between coring and suctioning.

After a major amount of tumor has been removed, the biopsy forceps are used to further trim the tumor, to

establish a satisfactory airway. If a very large chunk of tumor is detached, it can be held against the tip of the

bronchoscope with the suction tip, and the bronchoscope withdrawn along with the suction tube and tumor.

The bronchoscope is reinserted. Bleeding is not often a problem, but it can usually be controlled by broncho-

scopic pressure. Saline irrigation clears the field as necessary. If bleeding seems excessive, the following may

also be useful: epinephrine-soaked pledgets (0.l mg/mL) on long applicators, to stop oozing. Coagulation

with long insulated electrodes or a laser has not been necessary, nor has an endotracheal tube with a 

tamponading balloon. These have not been required in our practice. A Foley venous occlusion catheter can

also be used for bleeding distally in the bronchial tree. Coring would be inadvisable in an anticoagulated

patient. Insertion of an endotracheal tube would be appropriate until coagulation levels are controlled.

At conclusion, the airway is carefully aspirated, checked for bleeding, and the patient is awakened. If

anesthesia is profound, the patient should awaken with an endotracheal tube in place. The airway can be

easily suctioned or irrigated. The tube is removed when the patient is sufficiently awake to demonstrate a

normal protective cough reflex. The patient is best observed in a respiratory care unit for a few hours.

Clinical Experience 

We have used this simple, direct, efficient, safe, and low-cost procedure for over 35 years. In more recent

years, a large literature has grown recommending use of the laser to treat obstructed airway tumors. It is

based on the argument that bleeding will be excessive without use of the laser. It has even been argued that

it is impossible to clear obstruction of the airway without a laser. We therefore examined a consecutive

series of 56 patients with tumor treated by the coring technique.3 All were symptomatic, with shortness of

breath or dyspnea on exertion (88%), hemoptysis (45%), or obstructive pneumonia (in 18 patients). In

23%, coring was done emergently. In 15%, it was performed urgently because of obstructing pneumonia,

and in 62%, it was carried out electively. Tumors were distributed widely: 16 occurred in the trachea, 24 at

the carina, 8 in main bronchi, and 8 in lobar or segmental bronchi. Squamous cell carcinoma was most

common at all levels, adenoid cystic was next in frequency, and the others were a variety of primary and

secondary tumors including thyroid carcinomas, carcinoids, mucoepidermoid carcinomas, sarcomas, lym-

phomas, and metastatic lesions. Twenty-nine percent of patients ultimately went on to surgical resection.

Sixty-one percent had unresectable disease that was later treated with radiotherapy, chemotherapy, and

combined modalities. Six patients, following failure of prior radiotherapy and chemotherapy, had no fur-

ther adjunctive therapy. Two refused additional therapy.

Complications were as follows: Five developed pneumonia in previously unaffected pulmonary

parenchyma, after relief of postobstructive pneumonia. All responded to chest physiotherapy and antibiotics.



Three had bleeding of slightly greater amounts than usual, but none in excess of 500 mL. Bleeding was

controlled conservatively in all. Pneumothorax was seen in 2 patients and 1 patient required a chest tube.

Two developed hypercarbia and hypoxia and needed brief intubation (< 24 hours). Minor arrhythmia

occurred during the procedure in some patients. Six required pharmacological treatment. One patient

developed laryngeal edema requiring racemic epinephrine and a brief dosage of steroids. None required

tracheostomy. Long-term results depended, of course, on the individual’s basic disease and not on the

method of unobstructing the airway.

The use of the laser to relieve airway obstruction due to neoplasm has progressed from initial tedious,

repeated sessions of charring the tumor followed by scraping away of the char, to use of the rigid bronchoscope
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FIGURE 19-4 Relief of carinal obstruction due to tumor. A, Computed tomography scan demonstrating complete obstruction of the left main
bronchus and partial obstruction of the right by squamous cell carcinoma. B, Bronchoscopic view showing the severity of blockage. C, Right main
bronchus opened by bronchoscopic core-out. D, After both main bronchi have been opened. Tumor remains at the bifurcation to avoid the danger
of perforation into the mediastinum. Carinal resection and reconstruction followed.

BA

C D



478 Surgery of the Trachea and Bronchi

to core out the tumor, much as described above. The base from which the tumor has been cored is coagulated

with the laser. Experience suggests that the results would be equally as good without the final coagulation! 

A further concern must be voiced about the consequences of using laser therapy for clearing airway

obstructing tumors. Treatment is frequently given by pulmonologists, otolaryngologists, and even thoracic

surgeons, who are unaware of the possibilities of curative surgical therapy. Undue delay in the definitive sur-

gical treatment of these patients has followed. In some, whatever opportunity might have existed for cure

has been lost. Also evident in the literature is the misconception about the curative potential of the laser for

tracheal tumors. With few exceptions, pathologic study of primary tracheal tumors, and certainly of any with

malignant potential, makes it clear that endoscopic cure would require removal of the entire thickness of the

tracheal wall. Infatuation with technology sometimes obscures basic science and common sense.
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C H A P T E R  T W E N T Y

Postoperative Management

In the Operating Room

Initial Intensive Care

Continuing Postoperative Care

Follow-Up Care 

Hermes C. Grillo, MD

In the Operating Room

With proper conduct of anesthesia and of the operation, most patients who undergo cervical or cervicomedi-

astinal approach to the trachea may be extubated in the operating room at the end of the procedure. This

requires that patients maintain spontaneous respiration throughout the procedure or, if assisted during por-

tions, that they return to spontaneous respiration as the procedure draws to a close. Frequent suctioning is nec-

essary throughout the operation and just prior to completing the anastomosis. At the end, thorough suctioning

is done through the endotracheal tube and particularly after carinal resection by flexible bronchoscopy. It is

preferable also that all patients who undergo airway reconstruction, and especially carinal resection, should be

run on the dry side with respect to intravenous fluids. The patient is observed in the operating room until ready

for extubation. Extubation is usually possible except in some patients who have undergone carinal resection and

reconstruction. This is indeed the best time to observe for the absence of airway obstruction. Flexible broncho-

scopy is performed to check the anastomosis and to look for laryngeal edema. Patients who are most likely to

demonstrate a degree of airway obstruction at this point are those who have undergone a complex laryngo-

tracheal reconstruction for inflammatory stenosis. In some patients, the remaining subglottic larynx is abnorm-

ally narrowed, and manipulation may result in laryngeal edema. Decadron is given to these patients in antic-

ipation of edema, even where there is no significant obstruction. If the airway is insufficient, then the patient is

reintubated with a small-bore endotracheal tube, preferably uncuffed or with the cuff deflated. The smallest

diameter is selected, through which the patient may breathe safely, to avoid pressure trauma to the swollen glot-

tis. The place of tracheostomy is discussed in Chapter 25, “Laryngotracheal Reconstruction.”

Ventilation for 12 to 24 hours postoperatively may be necessary after prolonged transthoracic opera-

tions. The endotracheal tube is positioned with care so that the cuff or tube tip does not rest against the anas-

tomosis. After carinal resection, the tube is seated in the proximal trachea. The position of the tube is checked

with a flexible bronchoscope, the tube taped in place, and note made of the length of tube that must be insert-

ed if it needs to be replaced. If ventilation is required after upper- or midtracheal reconstruction, then the
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cuff is seated either above or below the anastomosis. The cuff is inflated with the minimum volume of air

needed to obtain a seal. An inflated cuff adjacent to a fresh anastomosis may induce inflammation.

Initial Intensive Care

Most patients who undergo anterior approaches for tracheal resection do not require high levels of inten-

sive care, but they must be observed in a setting where the staff understand the problems of airway recon-

struction. Problems may occur quickly and require immediate action to clear an obstructed airway or intu-

bate expeditiously. In our hospital, patients move from the operating room to a respiratory intensive care

unit, and finally to a thoracic surgical nursing unit.

The patient is provided humidity and oxygen by a face mask, or if a T tube or tracheostomy tube is pre-

sent, via a tracheostomy mask. Secretions must not be allowed to dry in an uncapped T tube. Frequent and vig-

orous chest physiotherapy provided by intensive care unit nurses and chest physiotherapists keeps the airway

clear. Patients receive preoperative instructions in these techniques and in the expectations of performance. The

trachea is suctioned when necessary using gentle technique. After carinal resection, a firm catheter should not

be thrust into the trachea. Flexible bronchoscopy is performed whenever necessary to clear stubborn secretions.

Segmental or lobar collapse on an x-ray is indication for aspiration with a flexible bronchoscope. Bronchoscopy

is not often required, except after carinal reconstruction. Generally, the lower the anastomosis, the more diffi-

cult it is for a patient to clear secretions spontaneously in the first days postoperatively. Aspirates are cultured.

Decadron is often, but not routinely, given for the first 24 to 48 hours after laryngotracheal recon-

struction. Further administration is less likely to be helpful and can interfere with healing. Racemic epi-

nepherine is also used if laryngeal edema is present.

The patient is extubated as soon as the respiratory mechanics and blood gas levels are suitable. Extu-

bation is better done early in the day, so that the patient’s response may be observed closely, especially if

intubated for edema. If extubation is done in the postoperative unit, provision is made for prompt and

expert reintubation, should the airway be inadequate. If a patient fails an extubation that had been neces-

sary for glottic or subglottic edema, it is best to wait 4 or 5 days for a further trial. If extubation is then suc-

cessful, the patient is returned to the care unit. If unsuccessful, the patient is reintubated, anesthetized, and

tracheostomized, usually in a preselected location (see Chapter 25, “Laryngotracheal Reconstruction”).

Brief general anesthesia is advised because tracheostomy may be difficult in this 5-day-old operative field,

even when the site for stoma has been marked in advance.

Patients are monitored in the usual fashion. Oxygen saturation is observed. An arterial line, placed at

the time of surgery, allows blood gases to be checked regularly. Additional monitoring is determined by the

condition of the particular patient. A chest x-ray is at first obtained daily, particularly in transthoracic cases.

If the initial chest x-ray is clear after an uneventful upper tracheal resection, it is repeated only on indica-

tion. The chest x-ray is examined for areas of pulmonary collapse or infiltration and for pneumothorax,

which although rare, can occur even after an anterior approach.

The neck is maintained in a position of slight flexion by the guardian chin suture and sup-

porting pillows. The goal is to prevent hyperextension rather than to seek hyperflexion. The suture

remains in place for about a week on a purely empirical basis.

Antibiotics, begun when the patient is placed on call for the operating room or as anesthesia is started,

are continued perioperatively or longer if the wounds were exposed to contaminants from a long-standing

tracheal stoma or granulation tissue. Infection has been surprisingly rare.

Continuing Postoperative Care

Feeding is withheld for the first 24 to 48 hours. Liquids are then begun with caution. A number of factors

may encourage aspiration on deglutition. A markedly shortened trachea can interfere with tracheal elevation



and epiglottic closure during swallowing, particularly in older patients. Surgery close to the subglottic level

of the larynx may also make swallowing difficult for a time. Glottic function may be abnormal preoperatively

in some patients, and certainly postoperatively. Vocal cord paralysis, due to sacrifice of the recurrent nerve

because of invasion by tumor, to preoperative inflammatory change, or because of operative injury, hinders

the protective reflex of glottic closure during swallowing. Laryngeal release, even of the suprahyoid type, may

also lead to aspiration despite care to avoid trauma to the superior laryngeal nerves. Since this procedure is

useful in patients undergoing extensive tracheal resections, the factors may be additive.

If the patient aspirates clear liquids, then it is better to wait several days before trying again. If aspi-

ration still occurs, then gelatin is fed. This does not cause much irritation if aspirated, and is often more

easily swallowed than thin liquids. The problem is seen especially after laryngeal release. Patients are man-

aged by slow progression of feeding beginning with gelatin, then custard and soft solids, followed by thick

liquids, eventually solids and, finally, thin liquids such as water or wine. Recovery, most probably due to

cicatricial reattachment of muscles to the hyoid bone, may take weeks or months. In some patients, tem-

porary feeding via gastrostomy is necessary.

Ambulation is begun at once with all patients. Chest physiotherapy is continued as necessary

throughout hospitalization.

If a change in respiratory pattern occurs, such as dyspnea, wheezing, stridor, or cough productive of

unusual sputum or blood, then a prompt flexible bronchoscopy is in order. If recovery is uneventful, broncho-

scopy is performed on the sixth postoperative day. It can usually be accomplished under local anesthesia,

with sedation if need be. A few patients will require a brief general anesthesia. Very brief visualization of

the anastomosis should be sufficient to establish whether healing is proceeding satisfactorily and if hospi-

tal discharge is appropriate. Formerly, I obtained a limited series of tracheal x-rays or carinal tomograms

to assess healing. I found that a patient can suffer limited anastomotic separation that is not detectable on

x-ray because minimal granulation tissue forms in the defect very early and contraction occurs only later.

If bronchoscopy is satisfactory, there is no need for radiologic imaging at this time. I prefer that patients

who are discharged after a major tracheal reconstruction this early remain in the local area for a few days.

They are examined in the office before departing for home. The signs, symptoms, and management of post-

operative complications are outlined in Chapter 21, “Complications of Tracheal Reconstruction.”

Patients are instructed to move their heads and necks normally but to avoid active extension of the

neck for another week. Thereafter, they can return as quickly as they feel able to normal activities. Strenu-

ous exercise is limited for 1 month.

Follow-Up Care 

The patient is seen 1 month and again 2 months following discharge, either by the surgeon or by the refer-

ring doctor. If the patient has no indication of airway difficulty, then x-rays of the trachea are obtained 2

months following surgery. If the lesion was a benign stenosis with a good mechanical result from surgery,

and all is well clinically and radiologically, then the patient may be discharged, but is cautioned to report at

once if there is any suggestion of airway difficulty. If there is any question of incomplete healing or steno-

sis, then bronchoscopy should be repeated.

In patients with benign tumors, even where margins were clear, it seems wisest to follow them in 6

months and in 1 year with additional x-rays and clinical review. At the 1-year visit, a bronchoscopy is in

order. In patients who have had either frankly malignant tumors or tumors of low-grade invasiveness, a

bronchoscopy should be done at 6 months and again at 1 year. Bronchoscopy should continue annually

thereafter. Patients with adenoid cystic carcinoma should have bronchoscopy done indefinitely. The first

patient for whom I performed extended carinal resection for adenoid cystic carcinoma was followed for 10

years with no evidence of recurrence. Her initial specimen had shown negative microscopic margins and
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lymph nodes. Seventeen years following the resection, she returned with a large local recurrence at the

suture line. Earlier detection might have improved her treatment.

Patients who have had squamous cell carcinoma of the trachea should be followed in a similar fashion.

Their recurrence pattern is similar to that of squamous lung cancer; if the lesion has not recurred within 5

years, it is unlikely to do so. However, these patients are at risk for the development of other squamous carci-

nomas of the respiratory and upper digestive systems. Annual bronchoscopy should include panendoscopy of

all susceptible areas, and not of the trachea alone.

I advise postoperative irradiation, commencing 1 month after resection of a malignant tracheal

tumor. X-rays or a bronchoscopy should be obtained prior to the irradiation to exclude anastomotic steno-

sis. Anastomotic revision is preferably done prior to the irradiation.
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Complications of
Tracheal Reconstruction

Complications and Their Causes

Treatment and Prevention of Complications

Hermes C. Grillo, MD

The complications of tracheal reconstruction may be many, they may be severe, and they may be fatal. As

tracheal surgery has developed over the years, the causes of many complications have been identified, so that

it is now possible to eliminate some altogether and to minimize the occurrence of others.1,2 Complications

follow this type of surgery too frequently when operation is performed by an inexperienced surgeon, par-

ticularly if the surgeon has not gone through the trouble to become thoroughly informed. Inexperience may

produce technical failures, but it also brings failure from inadequate appraisal of the extent or nature of a

lesion or of the presence of accompanying pathology, such as laryngeal inadequacy. An individual’s surgical

“learning curve” should not recapitulate that of the development of tracheal surgery. Division of a series of

the first 279 tracheal reconstructions that I performed for postintubation lesions between 1962 and 1982

into consecutive halves shows 4 deaths in the first half compared with 1 in the second, 13 failures in the first

group compared with 7 in the second, and a drop in complications from 42 to 30 in the respective halves.2

The lessons learned are transferable. Needless to say, complications occur in any type of surgery, even with

mature judgment and the most meticulous attention to technique, but should be reduced in number and

kind. Nonetheless, the small volume of tracheal operations overall does make it difficult for the occasional

operator to recognize subtle variations in problems.

In addition to correct appraisal of the extent of a lesion, refined judgment in selecting the operative

procedure, meticulous surgical technique, and the pathology of the lesion itself may affect the surgical

result.3,4 Tracheal tissue beyond the margins of a tumor is usually normal, and heals predictably, as long as

anastomotic tension is not excessive. With postintubation lesions, however, considerable inflammation is

often present proximal to a stenotic lesion. The possibility of microscopic extension of a malignant neo-

plasm may prompt the surgeon to perform an excessively long resection. Although a more aggressive

approach is justified for malignant neoplasms, surgical limits must be carefully assessed. Anastomosis in

wholly normal trachea may be impossible. A surgeon must always keep in mind that most postintubation

or inflammatory lesions can be managed successfully and permanently, if necessary, by dilation and inser-

tion of a silicone T tube. Serious complications or fatality are unacceptable in these patients.
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Complications and Their Causes

The incidence and distribution of complications were reviewed in our first 365 patients with either prima-

ry (n = 56) or secondary neoplasms (n = 30) or with postintubation lesions (n = 279) of the trachea, who

underwent resection (Table 21-1).2 As earlier pointed out, this included a “learning curve” from the first

patients of the series, when surgical techniques were not developed, which was reflected in decline in mor-

tality, failure, and number of complications found in later patients of the series. The complications of tra-

cheal reconstruction were grouped into three categories: 1) complications due to failure of diagnosis; 2)

complications due to failure of technique; and 3) additional miscellaneous complications. These are dis-

cussed in this order below.

Postoperative complications have been further analyzed in reports of surgical series, classified by dis-

ease and also by type of operation, as our experience grew. By 1995, a total of 503 patients had undergone

reconstruction for postintubation lesions, including those previously reported.3 Five required immediate

Table 21-1 Complications of Tracheal Resection

Failure of Diagnosis

Number

Glottic incompetence 2

Residual malacia 3

Extent of stenosis —

Failure of Technique

Postintubation Neoplasms

Granulations 28 10

Separation 4 6

Air leakage only — 1

Stenosis

Partial 6 3

Complete 15 —

Hemorrhage 2 1

Tracheoesophageal fistula 1 —

Esophagocutaneous fistula — 1

Cord dysfunction 5 3

Aspiration 1 —

Hypoxemia — 1

Necrosis — —

Other Complications

Postintubation Neoplasms

Wound infection 6 —

Laryngeal edema 1 —

Respiratory failure — 2

Pneumonia — 2

Persistent stoma 5 —

Data from Grillo HC et al.2 

Indications for resection: primary tumors 56, secondary tumors 30, postintubation lesions 279.



reoperation because of residual malacia. Thirteen restenosed and underwent subsequent re-resection.

Anterior cricoid resection was necessary in 62 patients (13%) for subglottic extension of stenosis. In 117

patients, anastomosis was made to the cricoid cartilage. Minor complications increased with higher levels

of anastomosis (from 16 to 21%) but major complications remained in the same range. The complications

noted in this grouping are listed in Table 21-2. In a later study of reconstructions performed for prior

unsuccessful repair of postintubation stenosis in 75 patients (59 referred patients), 39% suffered major

complications compared with 15% after primary tracheal resection and reconstruction.5 Eleven were due

to nonabsorbable sutures, which have since been abandoned. Laryngeal release, more frequently needed in

these patients because of a shortened trachea, increased the incidence of complications, including vocal

cord dysfunction and aspiration. Despite these, good and satisfactory results were achieved in almost 92%.

In 82 resections performed for primary tracheal tumors, excluding carinal lesions, 2 patients required

late reoperation for separation and stenosis, 2 had unpredicted vocal cord paralysis, several had granula-

tion tissue (before absorbable Vicryl was used), 1 died from pneumonia (the only death), and 1 had an

esophagocutaneous fistula.4

In contrast, carinal resection and reconstruction is fraught with serious complications and mortality

(Table 21-3).4,6 In 134 resections by a variety of techniques, with and without pulmonary resection (lobar

or total) for primary and secondary tumors (bronchogenic carcinoma), infections, and inflammatory and

idiopathic lesions, the mortality rate fell from 16% to 9% from the first to second halves of the series. Early

deaths were due to acute respiratory distress syndrome (ARDS), particularly after carinal pneumonectomy.

Late deaths were due principally to anastomotic complications where attempt was made to salvage a lobe,

or after extensive tracheal resection with carinal pneumonectomy.
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Table 21-2 Complications of Operations for Postintubation Stenosis

Major Minor Total

Granulations

Before 1978 10 34 44

After 1978 1 4 5

Dehiscence 28 1 29

Laryngeal dysfunction 11 14 25

Malacia 10 0 10

Hemorrhage 5 0 5

Edema (anastomotic) 3 1 4

Infection

Wound 7 8 15

Pulmonary 5 14 19

Myocardial infarction 1 0 1

TEF 1 0 1

Pneumothorax 0 3 3

Line infection 0 1 1

Atrial fibrillation 0 1 1

DVT 0 1 1

Totals 82 82 164

Reproduced with permission from Grillo HC et al.3

DVT = deep venous thrombosis; TEF = tracheoesophageal fistula.
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Failure of Diagnosis

If a preexisting glottic incompetence is not recognized by careful preoperative examination, the patient may

present postoperatively either with airway obstruction from adducted vocal cords or, in some cases, with

aspiration due to a paralyzed cord, possibly compounded by a lengthy tracheal resection, laryngeal release,

and the advanced age of the patient. It must be remembered that patients who acquired tracheal stenosis

from intubation through a tracheostomy would usually have also been intubated previously with an endo-

tracheal tube. Glottic injury may have resulted. Also, with or without prior tracheal resection, the recurrent

laryngeal nerve may have been injured. Anterior or posterior commissural glottic stenosis, or vocal cord

granulomas or polyps, can also be problems if discovered postoperatively. Aspiration may also preexist and

its origin may be neurological. This possibility must be explored in patients with known neurological dam-

age resulting from head trauma or stroke. Prior extensive tracheal surgery, particularly with vocal cord dys-

function, may favor aspiration. If a patient has suffered failure in repair of a tracheoesophageal fistula,

he/she may well have an enteral feeding tube, which will mask aspiration.

Tracheomalacia may be present, proximal to a cuff stenosis. If not identified by fluoroscopy or

bronchoscopy, and not accounted for in the surgical procedure, the residual malacia may cause obstruction

following resection of the stenosis alone.

Particularly grievous is the failure to identify the actual extent of stenosis or tumor. Pitfalls in preop-

erative appraisal have been discussed in chapters on radiologic and endoscopic diagnosis. Inaccurate assess-

ment of the length of a lesion may force the surgeon in either one of two undesired directions: 1) excessive

resection, which leads to tension and separation; or 2) inadequate resection, which results in restenosis or

recurrent tumor.

Table 21-3 Complications in Primary Carinal Resection and Reconstruction

Complication N % of 134

Anastomotic *† 23 17.2

Atrial arrhythmias 20 14.9

Pneumonia 11 8.2

Acute respiratory distress syndrome 10 7.5

Reintubation ‡ 3 2.2

Vocal cord paresis 3 2.2

Gastrointestinal bleeding 3 2.2

Empyema 3 2.2

Lobar collapse 2 1.5

Fever 2 1.5

Cardiac herniation 1 0.8

Phrenic nerve paresis 1 0.8

Candidal esophagitis 1 0.8

Arterial embolus 1 0.8

Aspiration 1 0.8

Quadriplegia 1 0.8

Reproduced with permission from Mitchell JD et al.6

* Necrosis, separation, stenosis, bronchial mucosal slough, excessive granulation tissue formation.
† Includes early and late morbidity.
‡ After respiratory failure, not secondary to pneumonia or acute respiratory distress syndrome.



Failure of Technique

Granulation tissue can form at the anastomosis. This was most commonly seen previously around unab-

sorbable suture material of various types. My early experience included use of Tevdek, Dacron, Mersilene,

Prolene, and nylon. The sutures, even though knotted outside of the tracheal wall, would work their way into

the lumen over time. Sometimes, a complete ring of granulation tissue would follow, most likely in patients

who showed florid inflammation adjacent to the stenosis at operation. This ring could progress to stenosis.

Suture line granulomas have largely disappeared since the introduction of Vicryl polyglactin 910, a fine, syn-

thetic, absorbable suture. After Vicryl was adopted for anastomosis (4-0 in adults, 5-0 in infants and chil-

dren), the incidence of granulations fell from 23.6% to 1.6%. Granulations understandably are more likely

to form with the more complicated laryngotracheal reconstruction, but have become more easily managed

bronchoscopically since nonabsorbable sutures were abandoned. The monofilament polydioxanone suture

(PDS) was briefly tried and discarded because it has no true biological advantage and is more difficult to use.

Although experiment has described less early histologic inflammation with PDS than with Vicryl, in prac-

tice the latter has produced nearly perfect final results, which is ultimately what matters.3 Granulation tissue

may also occur uncommonly at the site of a tracheal stoma that was left to close postoperatively, or was

closed with a muscle flap (where the cutaneous inversion technique was not applicable).

Anastomotic separation rarely occurs acutely after resection. It represents technical failure most like-

ly due to excessive anastomotic tension. Manifestations are coughing with blood staining, airway obstruc-

tion with stridor and dyspnea, and subcutaneous or mediastinal air, depending on the level of separation.

If separation occurs later in the patient’s course, within the first week, peritracheal inflammation and heal-

ing may be sufficient to wall off the trachea so that air leakage is not evident. Initially, there may be no

symptoms or a mild cough and slight wheeze that will worsen. Major separation can result in obstruction,

pneumonia, mediastinitis, and brachiocephalic artery erosion. Prompt recognition is necessary for effective

treatment. Flexible bronchoscopy is in order if any suspicion of separation arises. Partial separation of an

anastomosis along a segment of the suture line has less grave consequences, but must be treated and fol-

lowed to be sure late stenosis does not occur.

Air leakage alone may occur without a major anastomotic separation. An opening of millimeters at

the site of one or another suture may lead to tissue emphysema. This is a rare complication as an isolated

finding if the anastomosis was airtight when completed.

Anastomotic stenosis may occur quite early in the postoperative course, or later. Early occurrence most

often results from cicatrization after partial or complete anastomotic separation. As healing progresses, the

stenosis becomes more symptomatic and may close the airway completely if not detected and treated. In

most cases, if the anastomosis is intact when examined bronchoscopically at 6 or 7 days postoperatively,

then it will remain so. Infrequently, the bronchoscopic appearance of the stenosis may be identical with that

seen in experimental animals, in which ever greater lengths of trachea were resected in order to test the

effect of increasing anastomotic tension. The stenosis in this case may be more evident at the sides of the

anastomosis than anteroposteriorly. This evolution was clearly seen in 2 patients who underwent what were

expected to be acceptable lengths of resection, 1 for benign tumor and 1 for postintubation stenosis. They

had been treated with steroids for months and were still on high doses of prednisone. Healing appeared sat-

isfactory initially. Presumably, insufficient collagen had been laid down prior to the loss of suture strength,

and a gradual distraction followed under high anastomotic tension. Both patients were later re-resected

successfully, after being fully weaned from steroids. Some stenoses produce partial narrowing of the anas-

tomosis, to degrees which are clinically acceptable but which limit the patient’s activities.

Tracheal necrosis adjacent to an anastomosis is attributable to excessive circumferential dissection of

that portion of the trachea that is not resected. Since the blood supply of the trachea is segmental, unnec-

essary dissection of the trachea circumferentially damages its blood supply. Since cartilages hold sutures for
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quite some time, disaster does not become evident until much later. As the trachea necroses, mucosa

sloughs and pieces of cartilage are discharged into the lumen. Surrounding inflammatory reaction usually

prevents an air leak. In the course of healing, granulations form and cicatrize circumferentially. I became

aware of this potential problem early in my experience with staged repair of the trachea by fashioning of a

cutaneous tube in stages. I observed approximately 1 cm of necrosis of the trachea distal to the interposed

cutaneous trough. The segment was resected and the viable trachea healed to the skin. Extensive circum-

ferential resection was never done again. Definition of the segmental nature of the tracheal blood supply

subsequently further reinforced this conclusion. Although we have not since encountered this problem in

our own operative experience, I am sure that devascularization has produced some postoperative disasters

referred for secondary repair. Necrosis after resection and anastomosis due to prior irradiation is discussed

in Chapter 42, “The Omentum in Airway Surgery and Tracheal Reconstruction after Irradiation.”

Hemorrhage of significance may occur from two sources. After cervicomediastinal tracheal resection,

the anastomosis often lies directly behind the brachiocephalic artery, and erosion may occur. Premonitory

hemorrhage in a smaller significant amount may manifest as hemoptysis. The initial event may also be a

massive and potentially fatal hemorrhage. This indeed was a too common complication in a number of

early reports of tracheal reconstruction. I believe that the principal cause of this disaster lies in the tech-

nique of surgical dissection. If the innominate artery is dissected out and retracted away from the trachea,

the arterial wall is bared. The adventitia then lies in direct contact with the sutures of the tracheal anasto-

mosis. Even if these sutures are of flexible material, they may produce a nidus of inflammation and then of

vascular erosion.

If the artery is adherent to the stenosis, it must be dissected free in order to correct the lesion, leaving

the vessel without its normal protective investing tissues. Also, in reoperative tracheal resection, the artery

may be adherent to the anastomosis. The vessel wall is necessarily thinned and bared during dissection. A

further insult may be from inadvertent intraoperative trauma from needles, instruments, or retractors.

A second source of hemorrhage after carinal reconstruction is from the pulmonary artery. Following

tracheobronchial reconstructive procedures, the pulmonary artery or one of its branches usually lies adja-

cent to the anastomosis. A tracheal or bronchial suture line immediately against the arterial wall is a source

of danger.

Tracheoesophageal fistula is an extraordinarily rare complication of tracheal resection and is only likely

to be seen where the full thickness of the esophageal wall has also been resected, as for a tumor. If the

esophageal suture line is contiguous with the tracheal suture line, a fistula may result. The problem is analo-

gous to the recurrence of a tracheoesophageal fistula after its surgical correction. One esophagocutaneous fis-

tula resulted in an unusual case of a very extensive intrathoracic resection of the trachea for recurrent plexi-

form neurofibroma, which included part of the esophageal wall. The small sinus healed spontaneously.

Vocal cord dysfunction may follow injury to recurrent laryngeal nerves during dissection. The risk to

these nerves is discussed in Chapter 24, “Tracheal Reconstruction: Anterior Approach and Extended Resec-

tion,” Chapter 25, “Laryngotracheal Reconstruction,” and Chapter 29, “Carinal Reconstruction,” describing

techniques of resection. Injury may be temporary or permanent. The risk of nerve injury is greater when

dissection is in dense scar near the cricoid, in laryngotracheal resection, in carinal resection and recon-

struction, and where operation is to excise a malignant neoplasm. If the patient presents with a paralyzed

vocal cord, sometimes without prior surgery or after tracheostomy alone, or if the cord had been paralyzed

from prior surgery, then even greater care must be taken to avoid injuring the remaining functional nerve.

Vocal cord dysfunction and aspiration may follow adjunctive laryngeal release procedures. As noted

elsewhere, deglutitional difficulty seems more likely to follow thyrohyoid release than suprahyoid release,

and it is particularly associated with prior or concomitant recurrent laryngeal nerve injury, extended tra-

cheal resection, old age, or neurologic disability.



Other Complications

It seems surprising that wound infection does not occur more often. Cultures from patients with an open 

tracheostoma or granulation tissue at a stenosis produce Staphylococcus aureus, often resistant, and/or

Pseudomonas aeruginosa, as well as a variety of other pathogens, including Streptococcus and Escherichia coli.

A moderate incidence of wound infection might be expected because of the open nature of the surgery with

the passage of tubes and instruments through the larynx and pharynx, concurrent exposure of the medi-

astinum, and, frequently, of the partially or completely divided sternum. This is not the case. Techniques of

surgery and perioperative management may well play important roles. Since I have no intention of per-

forming randomized series to explore this surprisingly benign situation, clarification may not be possible.

Laryngeal edema is rare, but is somewhat more common when surgery involves the larynx directly, in

resection of laryngotracheal stenosis and in laryngoplasty for tumors of the upper airway. Edema is mani-

fested by wheezing or stridor upon extubation at the conclusion of the operation or during the next 24

hours. Direct examination of the vocal cords in the patient who is still lightly anesthetized or awakening

usually allows differentiation of edema from vocal cord paralysis.

Major pulmonary complications are very rare after cervical or cervicomediastinal tracheal resection,

despite the fact that many patients have limited pulmonary reserve due to chronic obstructive pulmonary

disease or emphysema. Postoperative pneumonia is more common after carinal resection and reconstruc-

tion. This can be minimized by careful postoperative care. However, postoperative ARDS may occur with-

out warning, despite attempted prophylaxis, particularly after a right carinal pneumonectomy. The opera-

tion may have been uneventful. The immediate postoperative course appears to be similarly uneventful.

Most frequently, patients have been extubated promptly and do not then require respiratory assistance.

In approximately 36 hours, however, a light infiltrate appears, often in midfield of the remaining lung.

This worsens steadily over the next few days (Figure 21-1). The patient does not produce significant sputum,

and bronchoscopy reveals only scant secretions which culture normal flora. As the radiologic picture wors-

ens, the patient goes into florid ARDS with widespread pulmonary infiltrate, and finally whiteout of the

remaining lung. Intubation, maximum conventional respiratory support, aspiration bronchoscopy, adju-

vants including wide-spectrum antibiotics, diuretics, and corticosteroids all usually fail to salvage the patient.

At autopsy, the lungs are found to be very heavy with interstitial fluid. Cultures do not reveal significant

pathogens, although a few colonies may appear, consistent with intubation and ventilation. These patients

were diagnosed as having died from “bronchopneumonia.” This was more a diagnosis of convention. The

clinical picture is that of noncardiogenic “postpneumonectomy pulmonary edema,” which was described by

Zeldin and Peters and colleagues after routine pneumonectomy.7 Peters’ thesis was that this represents pul-

monary edema due to the inability of the lung to rid itself of interstitial water from perioperative fluid over-

load, perhaps compounded by a decrease in lymphatic capability. This was not confirmed in other studies

and ARDS was also seen to follow a lobectomy occasionally.8,9 Although we had scrupulously managed such

patients, ever since our initial encounters, by rigorous fluid restriction perioperatively and with the other

measures noted, the syndrome nonetheless occurred unpredictably. A subsequent reduction in the incidence

of this dire complication may be attributed to the adjustment of the intraoperative airway ventilatory pres-

sure and tidal volumes to reduce and avoid barotrauma to the lungs. Additional complications that are com-

mon to any kind of surgery, and some more common after intrathoracic procedures, have been few in num-

ber. These include pneumothorax, line infection, atrial fibrillation, myocardial infarction, and deep venous

thrombosis. Special postresectional problems, such as those inherent in airway surgery after irradiation, and

those following unusual procedures for cervicomediastinal exenteration, posterior wall splinting, correction

of postpneumonectomy syndrome, tracheoplasty for congenital stenosis, and resections of rare inflamma-

tory lesions, are discussed in the chapters devoted to these diseases and techniques.
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Quadriplegia can occur infrequently as a devastating and irreversible consequence after tracheal

resection. I have personally never encountered it, although one such event occurred in our thoracic surgi-

cal unit. It has happened in young, otherwise healthy patients who had no hypotension or untoward events

during anesthesia and operation. Suspicion has focused on cervical hyperextension during surgery, and

perhaps extreme flexion postoperatively, in an effort to lessen anastomotic tension. Extremes of extension

and flexion were not used in our one patient.

Midcervical quadriplegia has followed neurosurgical procedures with patients operated upon in a sit-

ting position with accompanying cervical flexion. Spinal cord ischemia is therefore suspect. Anesthesiolo-

gists caution that the chin and the chest should not be closer than one inch in this position.10 Dominguez

and colleagues reported this complication immediately after tracheal resection, upon assumption of a sit-

ting position plus “extreme” cervical flexion.11 Magnetic resonance imaging 19 days later revealed findings

FIGURE 21-1 Development and progression of “postpneumonectomy pulmonary edema” to fatal acute respiratory distress syndrome.
Uneventful right carinal pneumonectomy was performed for a squamous cell bronchogenic carcinoma invading the carina. A, The patient
was extubated and clinically doing very well. At 24 hours, dyspnea appeared with diffuse left lung infiltrate. B, At 48 hours, the infiltrate
had worsened. The patient was reintubated and ventilated. C, Progression at 72 hours. D, Chest roentgenogram at 120 hours, with marked
worsening of the parenchymal infiltration. The patient continued to deteriorate and died 12 days after operation. This predated our use of
nitric oxide treatment.

A B

C D



consistent with cervical spinal cord ischemia. Two other instances of quadriplegia after tracheal resection

were cited. I have also been told of a fifth patient elsewhere.

It must be emphasized that the “guardian suture” is placed to prevent postoperative hyperextension,

not to gain extreme cervical flexion. Given the uncertainties noted, it is also best to avoid extreme cervical

hyperextension in positioning the patient for anterior tracheal resection.

Late coronary artery disease has been noted in some patients who received mediastinal irradiation fol-

lowing tracheal resection for a malignant tumor (in doses often exceeding 5,000 cGy), most likely as a result

of irradiation.

Treatment and Prevention of Complications

Complications Due to Failure of Diagnosis

Precise assessment of the extent of pathology, and also of the proportion of trachea that remains uninvolved,

guides preoperative judgment about the possibility of resection. Radiologic and endoscopic studies are the

keys. The surgeon must not hesitate to cancel plans for tracheal resection, even after exploration of the tra-

chea, should unexpectedly extensive disease be identified. A T tube that provides a satisfactory airway is

preferable to an operation that risks life. Also, primary palliative radiotherapy may be the only appropriate

treatment for a very extensive neoplasm. Adjunctive procedures at various times in the clinical course are

core-out, T tube, or stent and brachytherapy.

The importance of careful functional and anatomic assessment of the larynx and, in particular, eval-

uation of glottic function has been emphasized. If the glottic aperture is insufficient, a preliminary proce-

dure for correction is required. Skilled otolaryngological consultation is advisable. The glottis must be visu-

alized in an awake patient. Fluoroscopy may also identify asymmetric or inadequate vocal cord function.

If glottic inadequacy is not identified preoperatively, management may demand transient intubation,

followed by careful tracheostomy, placed to avoid injury to a fresh anastomosis and to the brachiocephalic

artery. Vocal cord medialization or lateralization may be needed electively, with eventual decannulation.

Commissural stenosis or vocal cord lesions must be treated, if discovered late, with consideration of a tem-

porary tracheostomy or T tube.

If there is any reason to suspect that aspiration occurs during deglutition, or that it might occur if the

patient were permitted to swallow (as in the case of a patient who is nil per os [NPO] due to a tracheoe-

sophageal fistula), the danger should be revealed by a meticulously performed barium swallow, with close

attention paid to the pharyngeal, cricopharyngeal, and upper esophageal phases of swallowing. A small amount

of aspiration is quite common in elderly patients and should not be confused with abnormal aspiration.

If aspiration is severe and cannot be improved in preparation for tracheal surgery, then a permanent

tracheostomy may be the appropriate alternative.

Postoperative aspiration may improve with time, especially with the assistance of speech pathology

training. In the worst case, temporary feeding tubes may become permanent and tracheostomy may be nec-

essary for protection and clearance of the airway.

Fluoroscopy of the trachea by a radiologist familiar with normal tracheal dynamics, and an awake

flexible bronchoscopy, will not only identify vocal cord malfunction but also areas of tracheomalacia and

their severity. Whereas short areas of severe collapse may be resected, more diffuse areas require stents or

special procedures. Malacia present in addition to postintubation stenosis must be accounted for in the

operative plan. My early hope that resection of a stenosis with anastomosis of a softened adjacent tracheal

segment to a “normal” distal trachea would provide sufficient support proved wrong. Although the use of

external splinting polypropylene rings has worked in a few cases, failure has also occurred due to loss of

blood supply and infection. Dissection and foreign body placement in a bacterially contaminated zone is

best avoided entirely. Dilation with a T tube or stent seems a better solution.
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Complications from Failure of Technique

The problem of granulation tissue at the suture line has been almost eliminated by the use of 4-0 Vicryl for

anastomosis. All nonabsorbable sutures often produced granulomas. On two occasions, when a single rein-

forcing suture of Tevdek was placed anteriorly, a granuloma appeared at that site only! Since then, 3-0

Vicryl sutures have been used in circumstances that require reinforcement.

Granulations are removed with biopsy forceps through a rigid bronchoscope. An offending suture at

the base of a granulation is also plucked. Upper tracheal manipulations like this are facilitated by using a 

25 cm × 9 mm bronchoscope. When extensive granulations were encountered in the past, Aristocort 

(triamcinolone acetonide) or Depo-Medrol (methylprednisolone acetate) were injected through extra-long

needles with a 25 gauge tip specially made for this purpose, using a tuberculin syringe to provide sufficient

pressure (see Figure 5-5 in Chapter 5, “Diagnostic Endoscopy”). Evidence is not clear that these steroids

inhibited recurrence of granulations. Nowadays, only a rare, usually single, small granulation seems to occur.

Mitomycin-C, an antineoplastic alkylating agent, which inhibits DNA synthesis and hence fibroblast

proliferation, has been used topically to try to prevent or treat scarring following laryngotracheal recon-

struction.12,13 Thus far, results remain equivocal.

If partial or complete separation of the anastomosis occurs postoperatively within the first week follow-

ing surgery, reexploration may be in order to debride necrotic tissue and to place a T tube across the area of

separation. Advancement of an inferiorly pedicled sternohyoid muscle flap, or of an omental pedicle (sub-

sternally), may be advisable if the brachiocephalic artery is nearby, and certainly if its wall is exposed. If the

separation seems well contained and appears like a cuff or sleeve or granulation tissue, then it may simply

be debrided bronchoscopically (rigid instrument) and a T tube placed to span the separation. If the separa-

tion is accessible in the neck, the sidearm of the T is placed through the damaged area to preserve the max-

imum of undamaged trachea for later re-reconstruction. A limited separation of part of the circumference

of anastomosis is also best treated conservatively with a T tube. If the patient is sick enough to require ven-

tilation, a (cuffed) tracheostomy tube is initially used, to be replaced with a T tube later.

A small very early leak in an anastomosis (not frank separation) is rare but may be repaired and but-

tressed by immediate reoperation. A tiny air leak after carinal reconstruction, manifest only by continuing

air leakage without pneumothorax, and where bronchoscopy reveals no separation, should respond in 24

to 48 hours to continued gentle chest suction.

Limited intrathoracic separation can sometimes be spanned, initially with an endotracheal tube care-

fully positioned by a flexible bronchoscopy. Limited carinal separation without air leakage or patient dis-

tress can be bridged with a silicone Y stent. A specially proportioned and angled stent may have to be fab-

ricated for the patient, with side openings cut and sanded or alterations made in standard T-Y or Y stents.

Some prefer expandable coated stents, but the fringed edges may cause granulations. Uncoated expandable

stents should never be placed across granulating tissue. The granulations will grow through the lattice.

After apparent healing of a stented complete separation, removal of the supporting stent is usually

followed by tracheal (or bronchial) stenosis. If re-resection is planned, it should be done no sooner than 4

months after the separation, and preferably 6 months, to allow subsidence of inflammatory changes. On

two occasions, patients have healed short but completely circumferential carinal separations under a sili-

cone Y stent, and not required re-resection. Presumably, scar contraction pulled the ends together (over a

short distance) but did not contract centrally, as usually occurs.

Separation of a part of the anastomotic circumference may heal without significant narrowing, or to

a minor degree without functional importance. Repeated bronchoscopy should be done until stability is

certain. If dilation fails to give a lasting result, and significant stenosis persists, then a reoperation is indi-

cated. Rarely, a narrow shelf will respond to lasering.



Elsewhere, note has been made of the need to avoid placing an endotracheal tube cuff against a fresh-

ly completed tracheal anastomosis if a patient requires postoperative ventilation. Even a low-pressure cuff

can endanger the repair in time. Patients who present with tracheal lesions, who are already being ventilat-

ed, are not appropriate candidates for elective reconstruction

Later restenosis presents with the same clinical findings as an initial stenosis. Treatment within 6

months of the original surgery should be by careful dilation under general anesthesia and insertion of a T

tube or silicone stent. A stomal site for the T tube must be selected carefully, preferably through the dam-

aged trachea, with a plan for future resection and reconstruction of the stenotic area. If the stenosis is deep

in the mediastinum, the tracheostomy port should be high enough so that a good segment of normal tra-

chea lies between it and the zone to be resected. Bronchoscopic examination of all anastomoses just prior

to hospital discharge should avoid late discovery of anastomotic failure. Once satisfactory healing is

observed, a late stenosis is unlikely unless irradiation is a factor.

In 503 patients who underwent reconstruction for postintubation lesions, 29 dehisced or restenosed.3

Seven died, 2 with erosion of the brachiocephalic artery. Eight were successfully reconstructed later, 4

required permanent tracheostomy, and 5 required a T tube, 3 of which were temporary. Three with partial

separations were treated by primary closure (2) and cervical drainage (1).

An excessive number of anastomotic complications followed carinal resection, and from these expe-

riences some cautionary principles have been learned.6 Twenty-three of 134 patients (17%) had anasto-

motic complications. Eight died early postoperatively with necrosis, separation, or mucosal slough. Two

with bronchovascular fistulae have been described. Seven had re-resection and 2 had completion pneu-

monectomy. Two were treated for stenosis by dilation and stenting. It is clear that a residual right lower lobe

should not be anastomosed to the trachea after carinal resection and anastomosis of trachea to left main

bronchus. The tension is excessive. Right pneumonectomy is a safer alternative; if pulmonary function does

not permit pneumonectomy, then the right lower lobe bronchus must be anastomosed to the medial side

of the left main bronchus. Furthermore, if right carinal pneumonectomy appears to require resection of

more than about 4 cm of trachea, postoperative tension will be excessive and resection is usually contrain-

dicated. In contrast, the stump of the right main bronchus can be safely elevated quite high for anastomosis

to the residual trachea after left carinal pneumonectomy plus excision of a length of trachea (see Chapter

29, “Carinal Reconstruction”).

Prevention of separation and stenosis of tracheal anastomoses lies in the avoidance of anastomosis under

excessive tension. Devascularization of the trachea must also be avoided. Avoiding tension depends on careful

assessment of the extent of the lesion and of the nature of the patient. Patients vary in the amount of trachea

that may be safely resected, which depends on body build, age, and prior surgery. In children, the trachea tol-

erates tension less well than in the adult. It is possible, but difficult, to measure the tension required for tracheal

approximation in the operating room. The experienced surgeon can judge quite accurately whether the tension

seems excessive. At this point, the die is cast. Adjunctive release maneuvers may be required. Since laryngeal

release, in particular, carries with it the potential for complications, it must be used with caution and never rou-

tinely. On occasion, it is better to retreat after exploration than to perform too lengthy a resection. Devascular-

ization of trachea remaining in the patient is avoided by carefully sparing the blood supply in the lateral 

pedicles. Ideally, no more than 1 cm of trachea should be free of lateral blood supply.

Caution should be repeated against operating prematurely on a massively inflamed trachea, where

these changes extend beyond the stenotic segment, usually proximally. First, it may be difficult to define the

exact extent of the pathology, and second, anastomosis in floridly inflamed tissue may result in granulation

tissue and restenosis.

Major hemorrhage is managed by prompt reexploration after emergency intubation, with a tam-

ponading balloon cuff placed at the level of the anastomotic–arterial fistula. Operative management for
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brachiocephalic arterial injury is the same as that for tracheoarterial fistula due to erosion by a high-

pressure cuff or tube tip (see Chapter 27, “Repair of Tracheobrachiocephalic Artery Fistula”). Proximal and

distal control must be obtained and the area of leakage carefully assessed. In a very rare case, it is possible

to excise a small area of damage and perform arteriorrhaphy. Patches of foreign material are to be avoided.

More often, it is advisable to divide the artery, excise the damaged segment, and to close the arterial ends

with running vascular sutures. Ligation should not be done. If possible, the operation should be done with

electroencephalographic monitoring. Neurologic sequelae are rare (see Chapter 13, “Tracheal Fistula to

Brachiocephalic Artery”). The ends of the artery are buried in healthy tissue, such as pedicled strap mus-

cle, thymus, or omentum. The tracheal lesion is managed in accordance with the approach described for

tracheal separation. Either an endotracheal tube or a T tube will span the area of injury. The damaged tra-

chea may be debrided and patched if separation is only partial, or it may be spanned with a tube. In 2

patients suffering brachiocephalic artery bleeding following tracheal resection, a diagnosis was made

promptly and the patients salvaged, one by arterial excision and one by arterial repair of a tiny defect. Both

occurred within the first postoperative week, while in hospital.

Two patients died from massive hemorrhage after anastomoses at the carinal level. In both, the pre-

sumed source of bleeding was the pulmonary artery. One occurred on the ninth postoperative day, and the

other several months later while the patient was being bronchoscoped for a stenotic anastomosis at the site

of implantation of bronchus intermedius into the side of the trachea. No tissue had been interposed

between the intrathoracic anastomosis and pulmonary artery in the first patient. This was the only patient

with carinal reconstruction who was ever so managed. In the second case, the responsible factors were

probably local separation due to tension, with infection, stenosis, and perianastomotic inflammation.

Brachiocephalic artery injury is avoided by keeping dissection close to the trachea and the stenotic

lesion. The artery is not exposed at all and is retracted along with the balance of the tissues anterior to the

trachea. A protective layer of connective tissue remains. If the artery must be dissected, either because of

prior surgery or because of inflammatory adherence to the stenosis, then it is essential that well vascular-

ized tissue be interposed between the tracheal anastomosis and the dissected artery. A strap muscle may be

detached superiorly and pedicled downward for this purpose, dividing only those attachments that are nec-

essary to allow the muscle to reach the anastomosis, thus preserving its blood supply as much as possible.

Occasionally, thymic tissue or omentum may be used.

Intrathoracic tracheal or bronchial anastomosis is always wrapped. Well-vascularized pericardial fat

pad is excellent for this purpose. Less satisfactory, but usually adequate, is a broad-based pleural flap (see

Chapter 29, “Carinal Reconstruction”).

If the rare complication of tracheoesophageal fistula occurs, it should be repaired. Adequate tissue

must be interposed between the esophageal and tracheal suture lines to prevent reestablishment of the fis-

tula. Gastrostomy and jejunostomy tubes to avoid aspiration from reflux and to insure nutrition during

healing are advisable (see Chapter 12, “Acquired Tracheoesophageal and Bronchoesophageal Fistula,” and

Chapter 26, “Repair of Acquired Tracheoesophageal and Bronchoesophageal Fistula”). Prevention lies in

buttressing any esophageal suture lines at the initial procedure. This interposes healthy tissue between tra-

cheal and esophageal suture lines.

Management of postoperative vocal cord dysfunction or paralysis varies. Watchful waiting appears to

be the best policy for single cord paralysis. Over a period of 6 to 12 months, voice may return to an adequate

level, even if not wholly normal. If recovery fails, then injection or medialization of the paralyzed cord may

improve function. Temporary injection of the cord with absorbable material may provide palliation in the

intervening period if the patient is much discomforted by the injury, and it may be important if aspiration

is a problem. Division of a recurrent laryngeal nerve usually leads to vocal cord abduction, whereas lesser

trauma may lead to paresis in a more median position. The first is more likely to follow intrathoracic oper-



ations and require intervention to prevent aspiration.14,15 Early otolaryngologic consultation is advisable.

Henderson and colleagues warned of concomitant pharyngoesophageal dysphagia and recurrent laryngeal

nerve palsy, recommending myotomy for its treatment.16 Mom and colleagues proposed thyroplasty at once,

following certainty of laryngeal nerve severance.17 Obstruction from bilateral cord paralysis requires urgent

endotracheal intubation and probably later tracheostomy followed by a cord lateralization procedure or 

arytenoidectomy. A T tube placed through the vocal cords is less satisfactory because of the inhibition of

normal voice (see Chapter 35, “Laryngologic Problems Related to Tracheal Surgery”).

Tracheal surgery and, especially, laryngotracheal and carinal procedures demand constant awareness

and concern about the recurrent laryngeal nerves. The techniques of dissection described in Chapters 24 to

29 should minimize the frequency of injury. Dissection, especially in laryngotracheal reconstruction, can

damage the nerves, usually transiently, even with meticulous care, just by proximity of trauma.

If aspiration follows tracheal surgery, an attempt must be made to analyze the causative factors. Such

factors have already been itemized to be lengthy tracheal resection, injury to recurrent laryngeal nerves, and

dysfunction due to laryngeal release. Age and neurologic difficulties are other factors. The larynx is nor-

mally protected by elevation of the epiglottis of the larynx during deglutition, which is inhibited by tracheal

shortening (by resection) and by hyoid detachment (by laryngeal release). Reflex glottic closure during

swallowing is impaired by vocal cord paralysis.

Assessment is best made by careful radiologic studies, including fluoroscopy of the larynx and trachea,

and modified barium swallow, with special attention paid to the phases of deglutition. Otolaryngologic

examination of glottic function is essential. Endoscopy may be of value. It is important not to temporize too

long during assessment. An atraumatic pediatric feeding tube may be useful. It is often better to proceed

early to a gastrostomy for drainage in order to avoid reflux and pulmonary injury from gastric contents. A

jejunostomy tube is simultaneously placed for prolonged nutritional support. Temporary tracheostomy

with, if necessary, a cuffed tube to protect against aspiration may be necessary. Instruction in swallowing

techniques to avoid minor aspiration can be of great help and requires the skills of a trained speech pathol-

ogist. Tracheal shortening may be compensated by flexing the neck and by “tucking” the chin during a swal-

low, thus enhancing epiglottic closure. Each case tends to be highly individual and should be carefully ana-

lyzed with the assistance of an otolaryngological colleague with expertise in such problems. Thus, vocal cord

medialization may lessen aspiration through a glottis widened by paralysis and inhibited from normal reflex

closure during swallowing. Patients usually recover from swallowing deficits due to laryngeal release,

although it may take 6 months or longer. I believe this occurs as the divided suprahyoid muscles gradually

reattach by scarring and restore laryngeal elevation during deglutition. Characteristically, the patient will

first tolerate soft solids, then thick liquids, and finally, thin liquids (water, apple juice, and wine).

Prevention of these problems to the extent possible lies in scrupulously avoiding damage to recurrent

laryngeal nerves, avoiding excessive tracheal resection, and using laryngeal release procedures only where

absolutely required. It has been our qualitative observation and that of F.G. Pearson (personal communi-

cation, 1979) that suprahyoid release results in fewer problems and of less duration than thyrohyoid release.

This may be because the latter puts greater traction on the superior laryngeal nerves. Injury to these nerves

must be scrupulously avoided, since this can lead to irreversible loss of laryngeal sensation, and hence of

protective reflexes on swallowing. Indeed, Dedo subsequently recommended avoidance of the thyrohyoid

laryngeal release altogether.18 It must be emphasized again that glottic function and the presence of possi-

ble neurologic deficits in deglutition must be identified prior to surgical repair.

Other Complications

Laryngeal edema, which may follow laryngotracheal procedures especially, is treated immediately with

Decadron systemically for a short period of time (24 to 48 hours). This brief treatment will not adversely
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affect healing. Racemic epinephrine is also administered by nebulization. If the airway is severely obstruct-

ed, an uncuffed small-bore endotracheal tube is placed. After a few days, the tube is removed in the oper-

ating room. If the airway is still unsatisfactory, the tube is replaced and a small tracheostomy tube is locat-

ed judiciously away from the suture line and the brachiocephalic artery. In such cases (see Chapter 25,

“Laryngotracheal Reconstruction”), the site of tracheostomy would best have been previously identified at

the time of the original reconstruction, and protective tissue barriers sutured over the brachiocephalic

artery and the anastomosis. A tracheostomy tube is never placed through a fresh anastomosis or immedi-

ately adjacent to it, since this may well result in stenosis at the anastomosis.

There is no completely effective way to avoid laryngeal edema in patients undergoing procedures

involving the larynx itself. In addition to local trauma, interruption in lymphatic drainage may be pre-

sumed. However, it is important to observe the usual rules of instrumentation and surgery, namely, gentle-

ness, use of equipment of necessary size and not larger, and application of meticulous technique. If there is

any question of laryngeal adequacy after removal of the endotracheal tube, it is far better to perform a 

tracheostomy than to run a risk of sudden airway obstruction.

Wound infection is fortunately rare and treated in the usual manner. More commonly, minor celluli-

tis and induration may occur in a cervical incision in an area of old scarring. This is treated by continuing

with antibiotics. Patients receive antibiotics immediately preoperatively, intraoperatively, and for 24 to 48

hours postoperatively. Even where tracheostomy and granulations are absent, an operation with an open

airway and cross-field intubation appears to justify prophylaxis.

Pneumonia and lung infection is treated in the usual manner. Every effort is made during surgery to

avoid allowing large amounts of blood to collect distally. The airway is suctioned repeatedly during opera-

tion, and especially thoroughly immediately prior to anastomosis. Postoperative flexible bronchoscopy is

performed prior to awakening the patient. Postoperative bedside bronchoscopy is performed frequently,

particularly in patients who have undergone carinal reconstruction. We have not hesitated to use a mini-

tracheostomy after carinal reconstructions if the patient has difficulty in raising secretions.

Prevention of postpneumonectomy pulmonary edema (ARDS) is hampered by the failure thus far to

discover its cause. A step forward in the management of this dire occurrence may be the finding by

Mathisen and colleagues, that nitric oxide administration at inception of the syndrome seemed to benefit

patients remarkably.9 The complication seems to occur less often nowadays, probably due to lowered ven-

tilatory pressures.

General Precepts

E. Stanley Crawford, the renowned vascular surgeon, was fond of the homespun comment, “Most of your

complications begin in the operating room.” The remarks here on the prevention of complications in tra-

cheal surgery show that many are preventable. The most difficult to eliminate are those that are based on ini-

tial diagnosis, assessment of the patient, and selection of the operation, since these are based on experience.

Technical problems are largely prevented by precise and meticulous technique, guided by past observations.

Certain general precepts emerge, which may significantly reduce the number of complications.

1) The surgeon undertaking tracheal surgery should, at the very least, have spent time and scholarly

effort to become familiar with currently available information about tracheal surgery. If the surgeon

has not received training in this specialty, then ideally, such surgeon should observe work done by

surgeons skilled in these techniques. The surgeon must make a willing commitment of time, effort,

and patience in performing this surgery and not undertake it as a casual effort.

2) Considerable thought must be given to the preoperative diagnosis of the lesion and to its extent, and

careful search must be made for any complicating additional airway pathology that might seriously

affect the outcome.



3) Surgical approach must be carefully planned in a step-wise fashion. No irrevocable moves should be

made until the surgeon is certain that it is appropriate to proceed to resection. The surgeon should

attempt resection only if it appears reasonably possible, and a clear picture must be had of all alter-

native modes of therapy available.

4) Techniques can never be meticulous enough. Great care must be taken to avoid devascularization and

anastomotic tension. Improvisation should be avoided until the surgeon has obtained experience in

the field.

5) Thoracic surgeons should not undertake tracheal surgery unless they have access to expert help in

radiology of the airways, thoracic anesthesia with knowledge of the unique problems of airway

reconstruction, expert intraoperative pathology, experienced nursing care, and consultation, partic-

ularly with otolaryngologists who have interest and experience in airway problems.
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Tracheostomy, Minitracheostomy,
and Closure of Persistent Stoma
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Closure of Persistent Tracheal Stoma
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Tracheostomy

Endotracheal intubation rather than tracheostomy is now used to establish an emergency airway. Even in

difficult anatomic situations, intubation can usually be accomplished over a flexible intubating laryngo-

scope or bronchoscope. Failing this, a rigid bronchoscope is introduced. A ventilating bronchoscope may

serve as an airway during tracheostomy, if necessary. A laryngeal mask airway may be considered.

Tracheostomy is preferably done in an operating room with an airway already established by one of the

methods noted. The patient is supine on the table with the neck moderately extended (see Figure 24-3B in

Chapter 24, “Tracheal Reconstruction: Anterior Approach and Extended Resection”). An inflatable bag

placed beneath the patient’s shoulders is helpful. The table is flexed at hip level to elevate the head and

neck, thus reducing pressure in the cervical veins. Brief general anesthesia is preferred, but local anesthe-

sia may be used.

The incision is located with reference to the cricoid cartilage and not the sternal notch, since the tra-

chea and larynx move independently of the sternum with flexion and extension of the neck (see Figure 1-4,

in Chapter 1, “Anatomy of the Trachea”). A more cosmetic transverse incision is used since urgency is mod-

erated by the inlying airway. A short incision is made 1 cm below the cricoid cartilage, which can usually be

palpated, even in obese patients (Figure 22-1A). It is carried through the platysma, the flaps elevated, and

the strap muscles are separated in the midline. The thyroid isthmus overlies the second tracheal cartilage in

most patients.

Dissection is begun at the lower border of the cricoid cartilage and the trachea is identified above and

below the isthmus. Clamps are slipped beneath the isthmus, which is divided and suture ligated, providing

a clean exposure of the upper trachea from the lower border of the cricoid cartilage down to the fourth ring

or lower. The trachea is cleared of adventitial tissue and the thyroid isthmus is dissected laterally a few mil-

limeters on either side to improve tracheal exposure. Occasionally, the pyramidal lobe must also be divided

to improve access.



500 Surgery of the Trachea and Bronchi

A vertical midline incision is made through the second and third rings, which are identified precise-

ly (Figure 22-1B). The first ring is always left intact. In children, the third and fourth rings are selected. If

rings are heavily calcified, straight scissors will crunch through them after an initial incision in the inter-

annular space. Bleeding points may be touched with a cautery, but this must not contact an inlying plastic

endotracheal tube or cuff since these can ignite and cause disastrous airway burns. The tracheal lumen is

exposed. The endotracheal tube is withdrawn proximally to a point just above the incision in the trachea,

but is not yet removed. Thyroid pole retractors are slipped into the tracheal lumen and the stomal edges

retracted laterally (Figure 22-1C). If the opening is not large enough, part or all of the fourth ring may also

be divided vertically.

The tracheostomy tube, with its previously tested cuff deflated, is slipped into the trachea using a small

amount of water-soluble lubricant. With the tube in place, the cuff is inflated just enough to provide a seal

and the volume noted. The tracheostomy tube should be no larger in diameter than is needed. Rarely does

any patient require a tube larger than no. 7. A patient with small airways should not have a tube fitted snugly

into the trachea. A swivel adaptor is attached to the tube and ventilation continued through the tracheostomy

tube. Only when the tracheostomy tube is functioning satisfactorily, is the endotracheal tube removed. Trac-

tion sutures in the cartilaginous margins of the stoma are acceptable, but unnecessary. The skin is closed

loosely with 3-0 nylon monofilament vertical mattress sutures. The flange of the tracheostomy tube is sutured

to the skin with four additional sutures to prevent inadvertent extubation postoperatively. A tracheostomy

tape is also tied, flexing the neck slightly as this is done so that the tape will be snug postoperatively.

Tracheostomy performed in this deliberate, unhurried way avoids postoperative hemorrhage from

anterior cervical veins and the brachiocephalic vein or artery. It avoids pneumothorax, which, in the past,

complicated tracheostomy, especially in children. Placement of the stoma with relation to the cricoid avoids

an excessively low stoma that may later lead to erosion of the brachiocephalic artery. Division of the thy-

roid isthmus provides access to the proper level of the trachea and allows for enumeration of the rings so

that there is no question about where the stoma is placed. Although there is no harm in excising a small

amount of anterior tracheal wall for the placement of a tracheostomy tube, there is little to be gained by it.

There is some hazard in teaching removal of any tracheal wall or the creation of flaps, since, if these are

made excessively large, they may result in a large stoma, which tends to stenose as it heals by cicatrization.

Interannular horizontal tracheostomy may lead to excessive lateral widening of the stoma by erosive pres-

sure. In children, it has been found that vertical incision is safest since it destroys the smallest amount of

tracheal wall. Pediatric tracheostomy tubes are also uniquely designed. Some tracheal wall will be damaged

by necrosis due to pressure by the tube, regardless of incision. Sutures in the flange of the tube will prevent

the tube from slipping out in the early period of healing before the stomal tract is well established. Sutures

are removed when it is necessary to change the tube. By this time, the tract is well established. Loose clo-

sure of the incision around the tube will avoid subcutaneous emphysema.

Tracheostomy performed with such care avoids most early complications. Appropriate care of the

tube from this point on avoids most later complications including stomal and cuff stenoses. Stomal steno-

sis is avoided by suspending the connecting tubing, thus eliminating leverage of the tube against the tra-

cheal wall and its erosion. Cuff stenosis is avoided by scrupulously preventing overinflation of the large-

volume cuff (see Chapter 11, “Postintubation Stenosis”). Semirigid esophagogastric tubes should be

removed or replaced to avoid posterior erosion between the tube and the cuff, which can lead to tracheo-

esophageal fistula (see Chapter 12, “Acquired Tracheoesophageal and Bronchoesophageal Fistula”). See

Chapter 10, “Tracheostomy: Uses, Varieties, Complications,” Chapter 38, “Tracheal Appliances,” and Chap-

ter 39, “Tracheal T Tubes” for further considerations regarding tracheostomy and tracheostomy devices.

Cricothyroidostomy is not an acceptable alternative to tracheostomy for most purposes (see Chapter 10,

“Tracheostomy: Uses, Varieties, Complications”).
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FIGURE 22-1 Technique of tracheostomy. A, The patient is intubated so that tracheostomy, even if urgent, now becomes “elective.” Incision (about
3 to 4 cm) is transverse and located 1 cm below the lower border of the cricoid cartilage, which is usually easily palpable. Skin and platysma are
divided transversely, and upper and lower flaps are elevated to expose sternohyoid muscles. The incision frequently overlies the thyroid isthmus. B,
The midline is opened between the sternohyoid and sternothyroid muscles. Their medial edges are elevated sufficiently to expose the lower border
of cricoid, upper trachea, and thyroid isthmus. The isthmus is divided between clamps and sutures, and elevated sufficiently to expose the anteri-
or surface of the trachea from just below the cricoid to approximately the fourth ring. C, The second and third rings are divided vertically, hemo-
stasis obtained, and the tracheal walls retracted to expose the lumen. The endotracheal tube is retracted to a point just above the tracheotomy and
the tracheostomy tube is inserted. In some, the fourth ring may also have to be divided. The balloon cuff of the tracheostomy tube is stripped back
from the tube tip as shown, as the cuff is deflated. This facilitates passing the tube. This minor point of technique is generally useful for inserting
cuffed tubes into tight stomas.
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Repeat Tracheostomy

If tracheostomy must be re-instituted in a patient who had had one previously, it should generally be locat-

ed precisely at the same location as the prior tracheostomy—unless there are pressing reasons not to do so.

This is especially important if there is any stenosis at the prior site, and is an absolute requirement if there

is significant stenosis at the site. This avoids injury to additional trachea and simplifies the operation (see

Chapter 10, “Tracheostomy: Uses, Varieties, Complications”).

In these patients, only a very short transverse incision is necessary; often about l cm in length.

Since prior healing has scarred all tissue layers together at this point, the tiny incision is easily carried

down into the tracheal lumen. If stenosis is present, dilation may be necessary, if not already performed

bronchoscopically. For dilation, serially larger tracheostomy tubes (with obturators) or uterine dilators

are useful.

FIGURE 22-2 Minitracheostomy. Under
flexible endoscopic monitoring, the intro-
ducer is passed under local anesthesia
through a short vertical incision in the
cricothyroid membrane. The cannula is
passed into the trachea over the guide.



Minitracheostomy

Minitracheostomy is a technique used to assist in removal of airway secretions while maintaining glottic

function, by placing an inlying small bore catheter in the trachea through the cricothyroid membrane.1

With the neck in extension, anatomic landmarks are precisely identified: the thyroid notch, the cricoid car-

tilage, and the cricothyroid membrane. Five cc of 2% lidocaine hydrochloride with epinephrine is infiltrat-

ed over a site of incision in the midline of the cricothyroid membrane. The cannula is placed over a guide

through a vertical incision that is 3 to 5 mm in length (Figure 22-2). A kit for the procedure contains a

reclosable flanged cannula, obturator, bevelled knife blade, 15 mm adaptor, no. 10 French suction catheter,

and tracheostomy tape (Figure 22-3). We have not used the Seldinger method.

Successful placement of the catheter is confirmed by listening for air exchange through the proximal

end of the cannula, by aspiration of tracheobronchial secretions, by stimulation of cough with the catheter,

and routinely by flexible bronchoscopy to observe the position of the catheter directly and rule out intra-

tracheal bleeding. Aspiration of secretions is performed with the suction catheter. Complications following

careful placement are few, but include hematoma, subcutaneous emphysema, and hoarseness. Hemorrhage

is rare but potentially serious. It is best managed by immediate intubation and an inflated cuff to guarantee

an airway and to tamponade further bleeding. With routine bronchoscopy, bleeding will not go unnoticed.

Percutaneous tracheostomy is discussed in Chapter 10,“Tracheostomy: Uses, Varieties, Complications.”
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FIGURE 22-3 Minitracheostomy kit (Portex, Keene, NH). From the top: cannula, with connector at right; introducer; suction catheter.
Tracheostomy tape and disposable scalpel are also included.
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Closure of Persistent Tracheal Stoma

A persistent tracheal stoma most often has epithelial union of tracheal mucosa and cutaneous epithelium.

Usually, a patient has had a stoma for a long time, frequently with an extended period of ventilation. Not

infrequently, the patient is older, debilitated, or has been chronically on steroids. If the stoma fails to close

spontaneously within 6 months following decannulation, it should be closed electively. A stoma may be

closed by drawing muscle over the aperture, but this may lead to granuloma formation. I, therefore, close

persistent stomas of any size with an epithelized flap using the adjacent skin, which has healed to the mar-

gin of the stoma.2 Tracheal x-rays including fluoroscopy and bronchoscopy are advisable to rule out other

lesions such as tracheomalacia, stenosis, or granuloma.

FIGURE 22-4 Closure of persistent tracheostomy. A, The chronic stoma is circumscribed, leaving sufficient surrounding skin to effect closure. The
tapered oval incision around the circular incision will become a transverse incision. Incision includes platysma. Superior and inferior flaps are raised
over the sternohyoid muscle surfaces. Both lateral cutaneous triangles of the incision are excised. B, Cross section indicating cutaneous incision around
stoma, carefully dissected to preserve the central blood supply of the circular flap, which arises through marginal stomal scar. C, The peristomal flap
is elevated. The medial margins of sternohyoid muscle are dissected and elevated sufficiently to allow later midline apposition without tension.
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A sufficiently generous circular incision is made around the stoma to define the skin, which will

be preserved and used for closure (Figure 22-4A). The circular incision is encompassed by a horizontal

tapered ellipse and the cutaneous triangles on either side are excised. This will provide linear closure.

The upper and lower skin flaps with platysma attached are elevated a few centimeters over the midline

scar and trachea and over strap muscles laterally. The edge of the circle of skin is dissected up from its

margins toward the center, taking care to leave an adequate breadth of circumferential attachment to

the trachea (Figures 22-4B,C) where the parasitic blood supply of the flap originates. Excessive skin may

be trimmed from the margin of the circular flap. The flap is inverted on itself using a subcuticular

suture of absorbable material such as 4-0 Dexon (Figure 22-4D). The stoma is thus sealed with full

thickness skin, with an epithelial surface presenting inside the lumen of the trachea. Granulomas do not

form. The strap muscles are dissected from peristomal scar and elevated sufficiently so that they are eas-

ily approximated in the midline without tension. Normal tissue fullness is restored, eliminating the
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FIGURE 22-4 (CONTINUED) D, After trimming excess skin from the margin of the flap, it is inverted and closed with running
subcuticular 4-0 Dexon, presenting an epithelized surface to the tracheal lumen. E, The strap muscles are approximated in
the midline, after which platysma and skin are sutured to close the transverse incision. A small drain is advisable for 24 hours.
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unsightly pit so often seen at a tracheostomy site (Figure 22-4E). The mobilized flap of skin and 

platysma are closed transversely in layers, the skin with a subcuticular suture to provide a cosmetic scar.

A small drain for 24 hours is advisable. The single complication I encountered after this procedure was

a hematoma in an undrained patient.

The method is not applicable where the stomal margin is still surrounded by granulation tissue.

This closure may also be used during tracheal resections for another lesion such as an inferior stenosis,

where stomal closure is desired. Otherwise, muscle flap closure is advisable, after debridement of mar-

ginal granulations.
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Surgical Approaches

Upper Tracheal Lesions

Midtracheal Lesions

Lower Tracheal and Carinal Lesions

Hermes C. Grillo, MD

The choice of surgical approach to a specific tracheal lesion is based principally on diagnosis and on obser-

vations of the extent and location of the lesion, made from imaging studies and rigid bronchoscopy, using

magnifying telescopes. Also important in the equation are age, body build, and prior treatment, especially

operative procedures and irradiation. Specific diagnostic factors that are assessed include 

1) whether the lesion is benign or malignant; 2) the exact location of the lesion; 3) the extent of the lesion,

both longitudinally and laterally (including possible involvement of other organs, such as the larynx or

esophagus); 4) the state of the glottic aperture and recurrent laryngeal nerve function; and 5) the length of

the normal trachea that may predictably be left, after adequate excision of the lesion.

Since detailed endoscopy is often deferred until the time of the proposed operation, it may be advis-

able, in the case of extensive lesions, to complete a bronchoscopy before the anesthesiologist inserts arterial

or other monitoring lines, both to determine operability and also to place lines in the appropriate arm. Spe-

cific diagnosis is of great importance. A well-defined inflammatory stenosis can be delimited both

radiologically and endoscopically. On occasion, there may be more unexpected inflammatory injuries, espe-

cially proximal to a stenosis. A benign tumor is easily delimited visually. However, malignant tumors or

those of borderline malignancy often extend further than is grossly evident. This is particularly true with

adenoid cystic carcinoma. Squamous cell carcinoma is also sometimes poorly definable visually. Therefore,

it may be strategically necessary, particularly with tumors, to position and drape a patient so that the initial

incision may be extended in a planned fashion, as additional access becomes needed.

Approach to the trachea should be determined by the characteristics of the lesion and patient and not in

accord with prejudices related to the surgeon’s training or specialty. I have equal impatience with a thoracic sur-

geon who insists on approaching a lesion transthoracically, which would be better and more simply managed

through an anterior approach, as I do with an otolaryngologist who poses the question, “How much trachea

can be removed through the neck alone?” If a surgeon is to perform effective tracheal resection and reconstruc-

tion, then that surgeon must become familiarized with the anatomy of the larynx, the trachea, the neck, the

mediastinum, and the thorax. The range of potentially necessary techniques should be available to the surgeon,
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or there should be cooperation with colleagues who can compensate for the surgeon’s deficits. The alternative

is referral to a center where such work is done regularly. I hope it is superfluous to point out that the question

to be asked at initial evaluation is not “What service am I equipped to provide this patient?” but “What service

does this patient need?”

This chapter discusses approaches to tracheal lesions of different types and at different levels.1,2

Detailed descriptions of resection and reconstruction are found in subsequent chapters.

Upper Tracheal Lesions

Most benign stenoses can and should be resected through an anterior approach, even when located at the

supracarinal level. Stenosis involving the uppermost trachea, or the lower larynx and upper trachea, will almost

uniformly be resectable and reparable through a low collar incision alone (Figure 23-1A). A low incision results

in more cosmetic scar than in one placed higher across the neck. The length of incision will depend upon the

vertical spread of incision needed in each patient, usually that which is sufficient to reach the cricoid above and

the sternal notch below. A stenosis that extends further into the mediastinum requires additional exposure,

which is obtained by dividing the upper sternum just through the sternal angle (Figure 23-1B), the junction of

manubrium and corpus sterni. In short-necked, older patients, with a low-lying larynx, and a trachea that fails

to rise into the neck on cervical extension, it is advisable to proceed to an upper sternal division early in the

operation, even where the lesion is high in the trachea, since it is clear that even if resection can be accomplished

through a collar incision, the anastomosis would be unnecessarily difficult. Sternotomy should be added as

soon as it becomes evident that it will be necessary, since the added exposure greatly facilitates dissection of the

trachea low in the neck. A vertical limb is most often added to the cutaneous incision to form a “T” with the

collar incision. A low “apron” incision is also effective if the need for upper sternotomy is unquestionable from

the outset (Figure 23-1C). In upper sternotomy, it is not necessary to angle the bony division laterally to an

interspace, since the sternum will fracture appropriately as the retractor is opened. Morbidity from an upper

sternal division is minimal, so it may be used quite freely, even in patients with poor lung function. Complete

sternal division is unnecessary and adds nothing to the ease of exposure. Full sternotomy in such cases con-

tributes only increased postoperative pain and potential complications.

The pretracheal plane is dissected and the great vessels are retracted forward. For very distal benign

lesions, described later, lateral traction sutures are placed at the tracheobronchial junction, on either side,

through this cervicomediastinal approach. It is not necessary in these cases to dissect the lower trachea

transpericardially between the superior vena cava and aortic arch beneath the brachiocephalic artery. I have

used this anterior approach successfully, even in patients who have had prior transthoracic low tracheal

resection for stenosis (postintubation and traumatic).

In resections for postintubation lesions, an existing stoma, frequently present, should not unduly

influence placement of the collar incision. The incision is electively placed within 1 cm of the level of the

clavicular heads (see Figure 23-1A). If a stoma is only a bit superior, then the collar incision may be made

higher, excising the stoma elliptically (Figure 23-2A). However, if the stoma is still higher, then the stoma

may be separately excised (Figure 23-2B). Thus, if an inferior vertical limb of incision becomes necessary

in order to divide the upper sternum, then a long vertical tethering scar will not result in the neck.

When a malignant tumor of the upper trachea is approached, it is prudent to prepare and drape the

patient so that extensions can be made through the entire length of the sternum (Figure 23-3A) or into the

fourth right interspace (Figure 23-3B), should gross findings on frozen sections indicate a need for extend-

ed resection. Positioning is described in Chapter 24, “Tracheal Reconstruction: Anterior Approach and

Extended Resection.” The cutaneous incision in this case lies just below the inframammary crease, but entry

into the chest is in the fourth interspace, just over the fifth rib. On occasion, a left fourth interspace exten-

sion is also useful for access to the left hilum (Figure 23-3C).
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FIGURE 23-1 Incisions for approach to the upper trachea.
A, A collar incision is electively placed 1 cm above the clavic-
ular heads. Length is determined by the extent of superior
exposure required. B, Extension for upper mediastinal access
(cervicomediastinal resection). The vertical arm of the cuta-
neous incision reaches just below the sternal angle. The ster-
num is also divided just beyond the angle (dashed line). It is
unnecessary to divide the bone laterally at the distal end
since it will fracture appropriately as the retractor is opened.
C, An apron incision allows the same access but removes
most of the incision from the neck.
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In anterior approaches, either cervical or cervicomediastinal laryngeal release, if necessary, may be

performed best through a short transverse incision over the hyoid bone (Figure 23-4). The long U-shaped

flaps favored by many otolaryngologists add nothing to the exposure and leave an unsightly scar, compared

with two transverse “ladder” incisions. In a short-necked, older individual, with the larynx fixed at the

suprasternal notch even despite cervical extension, a single collar incision carried a little further laterally on

both sides may be elevated to provide access to the hyoid region for laryngeal release. The possibility of a

high incision over the hyoid bone must be recalled when the field is draped.

On occasion, in order to preserve the skin of the upper chest below the sternal notch, I have used a

long, U-shaped incision that ends laterally out on each clavicle, with the midpoint of the incision just above

the level of the sternal angle (Figure 23-5A). This flap has also been used for cosmetic reasons, to move the

incision below the neckline. When the superior flap is elevated, access to the entire trachea and lower larynx

is easily obtained. In a rare case where it may be thought that the skin will have to be preserved in connec-

tion with a complex cutaneous reconstruction or for mediastinal tracheostomy, a similar approach may be

used, if necessary in combination with a vertical sternotomy or a “J” incision, which provides access to the

right thorax as well (see Figure 23-5A). Access to the entire neck and to the upper sternum as well is also 

provided through a long supraclavicular incision (Figure 23-5B). This is useful for initial dissection, where

cervicomediastinal exenteration is a possibility (see Chapter 34, “Cervicomediastinal Exenteration and

Mediastinal Tracheostomy”).

Postintubation tracheoesophageal fistula is usually reparable through a collar incision, but it

occasionally requires an upper sternal division. Urgent surgical management of a fistula into the bra-

chiocephalic artery is expedited by a collar incision plus complete vertical sternotomy (see Figure 

23-3A) or partial sternotomy angled into the right third interspace. These provide additional lateral

exposure of the arteries.

FIGURE 23-2 Placement of a cervical incision with a preexisting stoma. A, A fairly low stoma is elliptically excised with a collar incision. B, If the
stoma is high, then the collar incision is placed at the elective level and the stoma separately excised as the superior flap is raised.

A B
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FIGURE 23-3 Extended tracheal resection. A, Complete sternotomy.
The cervical incision is still needed for exposure of the upper trachea
and larynx. Access to the lower trachea and carina is made possible.
B, Incision permitting access to the entire trachea from the larynx to
the carina. The cutaneous incision (dashed line) is submammary
and the thoracic wall incision lies in the fourth interspace. The pec-
toralis muscle is elevated with the cutaneous flap. C, Further varia-
tions in access. Either right or left hemithoraces may be exposed by
lateral extensions into fourth interspaces, if sternotomy is inadequate.
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FIGURE 23-4 The incision for the supra-
hyoid laryngeal release lies over the hyoid
bone. The skin flap between “laddered”
incisions does not have to be dissected free,
except as needed for exposure. This is
preferable to a long “U” incision.

FIGURE 23-5 Incisions for special circumstances. A, The “apron” flap preserves the site for possible mediastinal tracheostomy. It also cosmetically
removes incision from the lower neck. The dashed line indicates the possible extension of the field for access to the lower trachea and carina.
B, Supraclavicular incision, which allows for complete exploration of the neck and mediastinum (via upper sternotomy under the lower flap). For
use where cervicomediastinal exenteration is likely.

A B



Midtracheal Lesions

A lengthy benign midtracheal lesion or a malignant lesion of midtrachea, which proves microscopically to

be of greater length than anticipated, will not necessarily be most accessible through posterolateral thoraco-

tomy, either for resection or for reconstruction. Several approaches are possible in this potentially difficult

situation. The patient should be positioned so that possibilities for successively wider accesses are available.

A supporting roll may be placed vertically beneath the chest of the supine patient, to the right of the 

midline, with the patient’s arm abducted to a point where access to the right chest is available, as far as the

anterior border of the latissimus dorsi muscle. A lateral tilt table permits levelling of the anterior chest wall

so that the position during initial incision remains horizontal. Exploration may be commenced through a

collar incision with upper sternal division. If further access is needed, a complete median sternotomy may

be added (see Figure 23-3A) or an extension made into the right chest (see Figure 23-3B). The cutaneous

incision angles out from the sternotomy beneath the mammary crease to the posterior axillary line, elevat-

ing the skin and pectoralis muscle so that the thorax is entered through the fourth interspace. It is also 

possible to “T” a full sternotomy to the right or left (see Figure 23-3C).

These approaches permit the use of mobilization maneuvers at both ends of the trachea, both of

which may be required for reconstruction after removal of a lengthy midtracheal lesion. Laryngeal release

may be done in the usual manner through an additional short transverse incision over the hyoid bone (see

Figure 23-4). Mobilization of the right hilum by intrapericardial release can be accomplished either

through the fourth interspace incision, or less easily through a full median sternotomy after opening the

pleura. Median sternotomy does not easily permit transpleural left-sided intrapericardial release, since the

required degree of traction on the heart is not well tolerated. A “T” into the fourth left interspace facilitates

left hilar release (see Figure 23-3C). A preferable option for left hilar release via a complete sternotomy was

devised by Dr. Cameron D. Wright at Massachusetts General Hospital. Through the open pericardium, with

gentle retraction of the heart, a U-shaped incision is made in the pericardium, beneath and around the

inferior pulmonary vein. The right-sided release is better accomplished transpleurally because intraperi-

cardial access to the right inferior pulmonary vein is made difficult by the right atrium and vena cava. Bilat-

eral intrapericardial release may also be accomplished via bilateral submammary thoracotomy, but access

to the upper trachea is limited unless the sternum is also split vertically.

Complete median sternotomy allows entry into a quadrilateral space framed by the medial border of

the superior vena cava, the medial border of the ascending aorta, the inferior margin of the brachiocephalic

artery and, below, the right pulmonary artery. The pericardium is opened in the front and in the back,

exposing the lower trachea and carina (Figure 23-6A,B). This approach was described by Abruzzini and

amplified by Perelman and colleagues, who advised opening the pericardium anteriorly and posteriorly.3,4

Access is deep and restricted, making major dissection and complex carinal reconstruction difficult.

Lower Tracheal and Carinal Lesions

Tumors of the lower trachea and carina are best approached through a high right posterolateral thoraco-

tomy (Figure 23-7). This is particularly true for tumors of the carina and for more extensive tumors of the

lower trachea. I prefer this approach for tumors of the lower trachea of any complexity, although benign

stenoses and simple tumors at this level are approached anteriorly. Pearson and colleagues prefer a median

sternotomy,5 whereas Perelman,6 who initially favored the transsternal approach to mainstem bronchial fis-

tulae, prefers right thoracotomy for lower tracheal and carinal tumors. Perelman has also largely abandoned

the transsternal approach for fistulae. For special cases, one must keep in mind both the J-shaped trap door

incision (see Figure 23-3B), a “T” extension from median sternotomy (see Figure 23-3C), and bilateral 

thoracotomy (Figure 23-8).
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Formerly, when a right thoracotomy was elected for resection of a tumor of greater length in the

lower trachea, the patient’s right arm was draped into the field and the neck also prepared. This permits

access, with some difficulty, for laryngeal release, by swinging the arm to the side and laterally tilting the

operating table to a more horizontal position. Laryngeal release is now used only where the lesion reaches

up to midtrachea, since it has not been found to provide increased mobility for reconstruction of the lower

trachea or carina (see Chapter 29, “Carinal Reconstruction”).

Left posterolateral thoracotomy may be used for treating a tumor that involves the carina as well as

the left main bronchus to such extent that the left lung cannot be salvaged. It is quite possible to perform

left pneumonectomy, excise the carina (see Chapter 29,“Carinal Reconstruction”), and perform end-to-end

anastomosis between the trachea and the right main bronchus beneath the aortic arch from the left side.

Tracheal excision must be very limited when this approach is used. Swinging the arch of the aorta forward

from the left after dividing four upper intercostal arteries, as described by Björk,7 does not provide good

access for tracheal procedures.8

If tumor at the carina involves any significant length of trachea, and also enough of the left main

bronchus, to force consideration of a left pneumonectomy as well as tracheal and carinal resection, then the

FIGURE 23-6 Transmediastinal approach to the entire trachea. The sternum is fully divided, as shown in Figure 23-3C. A, The anterior peri-
cardium is opened vertically between the superior vena cava and the aorta. The posterior pericardium is similarly opened (dashed line). B, Retrac-
tion of the vena cava and aorta exposes a quadrilateral space in which the lower trachea and carina are seen. A tape around the brachiocephalic
artery and vein helps exposure. The right pulmonary artery lies just below the carina.

A
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FIGURE 23-7 Transthoracic approach provides excellent access to the lower trachea and carina, including the left main
bronchus. The posterior cutaneous incision lies midway between the vertebral spine and posterior scapular border. The inci-
sion curves beneath the scapular tip, is directed transversely forward, and then curves inferiorly in its anterior portion, in
order to overlie the anterior portion of the fourth and fifth ribs; hence, the “Lazy S” configuration of the incision. Individu-
als vary, but resection of the fourth rib is usually optimal (anterior arrow). For airway dissection of any complexity, a
posterolateral thoracotomy has been found to be more advantageous than a limited thoracotomy.

FIGURE 23-8 Bilateral thoracotomy incision. The skin
incision (solid line) is submammary. The thorax is entered
via the fourth interspaces with transverse sternotomy
(dashed line). For initial exploration, the skin incision may
be limited and only one hemithorax opened, adding trans-
verse sternal division to widen the initial thoracotomy
exposure. Pectoralis muscles are elevated with the skin flap
to expose intercostal muscles.
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incision providing the best exposure is a bilateral thoracotomy extending through the fourth interspace

from one posterior axillary line to the other across the sternum, accomplished through a submammary

incision (see Figure 23-8). In some cases where the feasibility of resection must be determined operatively,

the right-sided portion of the incision is made initially, with transverse division of the sternum, but with-

out opening the left pleura. This provides excellent exposure. The incision is completed when resectability

is assured. The use of epidural analgesia postoperatively has minimized the significant impact of bilateral

thoracotomy on respiration. Caution is still recommended. Bilateral thoracotomy was earlier used for car-

diac surgery. We modified it for the purposes described. It was later applied to double lung transplantation.

An alternative approach to carinal resection with accompanying left pneumonectomy is median stern-

otomy (with right pleurotomy) plus a left-sided “T” (see Figure 23-3C). Earlier solutions to this problem

included staged right and left thoracotomies, still occasionally useful in unusual circumstances. Perelman

performed a right thoracotomy for excision of the carina and anastomosis, leaving the left lung in situ, with

the bronchus closed.6 It became necessary to ligate the left pulmonary artery to avoid symptomatic shunt-

ing. The bronchial arteries nourished the remaining defunctioned left lung. This approach is no longer used.

Approach to cervicomediastinal exenteration of the larynx, trachea, and esophagus is described in

Chapter 34, “Cervicomediastinal Exenteration and Mediastinal Tracheostomy.”
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Tracheal Reconstruction:
Anterior Approach and Extended Resection

Anterior Tracheal Reconstruction

Extended Resection

Hermes C. Grillo, MD

The cervical and cervicomediastinal approach is used for upper tracheal tumors, for limited tumors of the mid

and even lower trachea, and for almost all benign strictures of the trachea at any level. Although more than

half of the trachea may be removed through such an approach in young patients of appropriate body habitus,

and approximation gained by cervical flexion alone, much less may be resected in the older, kyphotic,

heavy-set patient, or in a patient who has undergone extensive prior tracheal surgery. Pretracheal mobiliza-

tion and cervical flexion are key in this approach. Laryngeal release is the adjunctive procedure most easily

added in this approach if further relaxation of anastomotic tension is needed.

I use the term “cervicomediastinal” to indicate the addition of upper sternotomy to the cervical

approach. The uses of complete sternotomy are discussed in Chapter 28, “Reconstruction of the Lower 

Trachea (Transthoracic) and Procedures for Extended Resection.” The upper mediastinal approach is easily

converted to full sternotomy for transmediastinal exposure and may be further widened with a thoracic

component if needed. Such potential extensions should be planned for preoperatively.

Anterior Tracheal Reconstruction

Anesthesia, Bronchoscopy, Intubation

The patient is usually induced with inhalation anesthesia and a rigid bronchoscope passed. Even if a tumor

nearly occludes the trachea, it usually arises only from a portion of the tracheal circumference. The

bronchoscope may be passed beyond the tumor beside that portion of the trachea not involved by tumor

base, even against cartilaginous wall. In the case of the rare circumferentially based tumor, the rigid bron-

choscope may be inserted through the residual central lumen initially, using the dilation technique

described in Chapter 19, “Urgent Treatment of Tracheal Obstruction.” If the airway in a patient with benign

stenosis measures less than 6 mm in diameter, then it is routinely dilated under direct vision at this point,

using the technique described. The airway must be adequate from the start to avoid retention of CO2 and

possible arrhythmia during early phases of operation. An endotracheal tube is passed either beside a high
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or obstructing tumor, through the tumor or, in the case of stenosis, through the lesion. Apparent near-

occlusion of the trachea is never an indication for cardiopulmonary bypass. If the lesion is lower and the

obstruction is not critical or has been previously dilated, then the endotracheal tube may initially reside

above the lesion. Management of an obstructing tumor that is very low in the trachea or at the carina is dis-

cussed in Chapter 19, “Urgent Treatment of Tracheal Obstruction.” A critically obstructed airway must be

opened in a rapid but wholly systematic way to avoid risking fatality. The special problem of critical sub-

glottic stenosis in the larynx is also discussed in Chapter 25, “Laryngotracheal Reconstruction.”

If the lesion is high or in midtrachea, then a standard full-length endotracheal tube is used. If the

lesion lies low in the trachea, then the patient is intubated with a proximally extended tube with an armored

flexible distal component (Figure 24-1). This allows the tube to be advanced into the left main bronchus, if

needed. If a stoma is present, then intubation is still often carried out perorally as the most convenient tech-

nique for managing a tracheal lesion. In cases of tight stenoses that involve the subglottic intralaryngeal air-

way in addition to the uppermost trachea, and in patients in whom there is discontinuity of the airway due

to stenosis between the larynx and the trachea, and where the stoma resides below the obstruction, intu-

bation is done with a standard flexible armored tube through the stoma and induction carried out in this

way. The tube is removed to permit rigid bronchoscopic examination of the distal trachea and then

replaced. The operative field is prepared around such a tube, which is held vertically so that it will not con-

taminate the field, and the field is draped. A sterile endotracheal tube and necessary equipment are made

ready at the operative field. The inlying tube is then removed, the sterile adhesive drape applied, and then

the fresh sterile tube with sterile connecting tubing is placed through the sterile adhesive drape and the ends

of the anesthesia tubing are handed off the field to the anesthetist (Figure 24-2). This anticipates the same

arrangement of cross-field ventilatory tubing, which ordinarily follows tracheal division intraoperatively.

FIGURE 24-1 Top of photograph is an extended endotracheal tube designed by Dr. Roger Wilson, which reaches from the
mouth into the left main bronchus, if necessary. Its components are 1) a segment of Rusch tube for added length, 2) a metal
sleeve connector, which hardly diminishes the lumen, and 3) a Tovell flexible armored tube, which has the advantages of a
short balloon cuff. An extension is usually added to the sidearm for ease in cuff inflation and deflation. The tube is posi-
tioned with a flexible bronchoscope, sometimes aided intraoperatively by the surgeon. Other versions of an elongated tube
are pictured in Figures 18-3 and 18-4 in Chapter 18, “Anesthesia for Tracheal Surgery.” Pictured below is a flexible armored
tube used for intubation of the distal trachea across the operative field.



The anterior approach has limited physiologic impact on the patient, but pneumothorax occurs

rarely intraoperatively. It must be considered if a patient abruptly develops unexplained physiologic prob-

lems during operation, such as hypotension, diminished compliance, or falling oxygen saturation.

Position

The majority of patients are positioned supine with an inflatable bag beneath the shoulders (Figures 24-3A,B).

This permits extension of the neck in a controlled fashion, but allows the extension to be removed easily dur-

ing tracheal anastomosis, when cervical flexion is desired. Extreme cervical extension is to be strictly avoided.

The patient is usually positioned with slight flexion at the hips and at the knees so that positioning the neck

and upper sternum appropriately for the surgeon, often with the sternum approximately horizontal, will not

result in a reverse Trendelenburg position with blood pooling in the lower extremities. If access to both arms is

desired for intravenous and arterial lines, then these may be abducted on arm boards at an approximately 30o

angle. The arm board is placed carefully so that the surgeon may stand against the table above the arm with-

out encountering the board itself (Figure 24-3C). With intravenous support poles placed at the ends of either

one or both of the arm boards, as well as poles in the usual position at the head of the table, it is possible to

drape the patient so that access may be had by the surgical team, above and below the arm board, but yet leave

the arm accessible to the anesthesia team. Limitation of abduction to 30o also protects the brachial plexus.

In a patient with an upper- or midtracheal tumor of uncertain extent, or in a patient with an exten-

sive stenosis that may have been complicated by prior unsuccessful surgical procedures, intrathoracic

mobilization may be required. It is occasionally judicious to position such a patient as described with the

addition of a roll support, placed longitudinally beneath the upper back to the right of the midline 

(Figures 24-4A,B). With the right shoulder partly abducted and the elbow partly flexed, the right chest is
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FIGURE 24-2 Intubation for operation through existing stoma. Note the sterile anesthesia tubing. The field is prepared for
upper tracheal resection. Access is available to the hyoid bone above, and for partial or complete sternotomy below, if any of
these extensions are necessary.
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FIGURE 24-3 A, Position of patient for anterior tracheal resection. Note the flexed table, inflated bag beneath upper shoulders, horizontal neck and
sternum, extended neck, and head support. Details are in the text. B, Photograph of a patient in the position described in A. C, View of the opera-
tive arrangement from above. The wavy lines indicate the borders of sterile draping, supported by poles (black dots) at head of the table and for arm
board access. The stippled area designates the usual operative field. The acute angle of the arm board allows easy access to the field by the surgeon.
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included in the operative field to the level of the posterior axillary line. A midline sternal incision may be

extended laterally, if necessary, beneath the right breast, elevating the pectoral muscles and entering the

right hemithorax through the fourth interspace (see Chapter 23, “Surgical Approaches”). The resultant

“trapdoor” offers exposure to the entire trachea from cricoid to carina and even provides access to the pos-

terior aspect of the carina. After positioning and draping the patient for this approach, the operating table

may be side-tilted to level the sternum so that the initial part of the operation is done as if the patient were

simply supine on the table (see Figure 24-4B). A midline posterior support provides a possibility of open-

ing the left side as well (with suitable draping in advance) for left hilar mobilization, if that possibility is

anticipated (Figure 24-4C).

Incision and Management of an Existing Stoma

The initial incision for the anterior approach is a low collar incision. This is usually relatively short since

the lateral extent need only be sufficient to permit elevation of skin flaps to the level of the cricoid cartilage

above and to the sternal notch below. If a previous cervical incision does not lie too high, it is reopened. As

much as possible, unsightly scars from a prior surgery or tracheostomy are excised with the incision. Most

often, an existing stoma is circumcised by the incision, which extends laterally on either side at the level of

the stoma (Figure 24-5A). In a patient with a long neck, in whom the stoma is unusually high, the incision

is best placed low in the neck and, if necessary, the stoma is circumcised as the flap is elevated past the level

of the stoma (Figure 24-5B).

Rarely, in a patient with a short stenosis that is well below a high stoma, it is possible to expose the

stenosis and perform the resection, leaving the stoma in situ for later spontaneous closure. If the stomal

fixation in any way inhibits the operation, or if it pulls the attached skin too far into the upper medi-

astinum, it is preferable to separate the skin and platysma from the trachea and then deal with the stoma,

when it is not excised in continuity with the principal lesion. Ideally, if the cutaneous epithelium has

healed to the tracheal epithelium, as happens in some chronic stomas, then the stoma may be closed by

the method described for closure of a long-persistent stoma (see Chapter 22, “Tracheostomy, Mini-

tracheostomy, and Closure of Persistent Stoma”). In other patients, the stoma may be reestablished at a

new level by making a small nick in the skin and suturing the skin to the trachea at this level, at the

conclusion of the procedure. A preferred method, if cutaneous closure is inappropriate, is to cover the

unresected stoma carefully with strap muscle. This is obligatory if the stoma lies below the sternal notch

after the trachea is reconstructed. Should a granuloma later form at the site of the stoma, then it can

easily be removed bronchoscopically, as required.
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FIGURE 24-4 Modifications of the patient’s position to facilitate additional access to one hemithorax or both. View from the head of the table. A,
Longitudinal roll to the right of midline with partial abduction of the arm allows access to the right hemithorax. B, Lateral tilt of the table levels
the cervicomediastinal field for initial anterior access. C, Midline roll and appropriate arm positioning allows access to either or both hemithoraces,
with side tilt of the table.
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Dissection

In many patients, dense scarring is found at the level of the stoma as well as at the site of postintubation

stenosis. Scarring is heightened by prior surgical procedures. Normal subplatysmal anatomy is therefore

identified first at the lateral ends of the transverse incision and dissection carried along the surface and bor-

der of the sternocleidomastoid muscles, both above and below on either side. The surgeon then works

toward the midline and gradually elevates the skin and what is left of the platysma from the strap muscles

and the midline points of adherence to the trachea. Initial dissection in almost every case is carried up to

the level of the cricoid cartilage. A long-necked patient requires a longer horizontal incision so that the

upper flap may be raised higher. I have avoided U-shaped incisions, which are less cosmetic and offer no

better exposure. Inferiorly, the cutaneous and platysmal flaps are raised to the sternal notch. The anterior

borders of the sternocleidomastoid muscles are followed to their attachments to the sternum. The anterior

jugular veins are divided and raised with the flap superiorly. Inferiorly, they are usually left behind as the

flap is elevated, or are redivided if the scarring is dense. The flaps are spread vertically with Gelpi retrac-

tors, exposing a field from cricoid cartilage to sternal notch (Figure 24-6).

The midline is identified above and below an existing stoma or a point of dense adherence to a prior

stoma. The medial margins of the sternohyoid muscles are identified and elevated laterally for a short dis-

tance, followed by the sternothyroid muscles. The pad of fat, and often scar, which lies suprasternally is

divided by dissecting beneath it, just above the sternal notch between the heads of the sternocleidomastoid

FIGURE 24-5 Management of an existing tracheostomy. A, A low stoma is included in the collar incision. B, A high stoma is usually separately
exposed by a short incision parallel to the low collar incision. If the collar incision was placed high in the neck and a vertical extension was later
necessary for upper mediastinal exposure, then the resulting scar would likely form a cervical tether.

A

B



muscles and superficial to the level of the strap muscles. This bundle of tissue may be divided between the

clamps rather than by tedious dissection. Adherent strap muscles are dissected sharply from a stomal site.

When a stoma is present, it is helpful to place hemostats for traction on either side of the ellipse of skin that

has been left around the stoma. The anterior surface of the trachea must now be dissected. Above, the

cricoid cartilage is usually identified in the midline and dissection carried onto the anterior tracheal wall

immediately below it. It is usually possible to dissect beneath the remnants of the thyroid isthmus at the

stomal area. If still intact, then the isthmus is sharply divided and suture-ligated on either side. The thyroid

is dissected away from the tracheal wall on either side, but at this stage, only over the anterior portion of

the tracheal surface. In order to reflect the isthmus completely, the pyramidal lobe is often divided just

above the isthmus. Inferior to the point of maximal adherence, the anterior surface of the trachea is dis-

covered. This is sometimes difficult, particularly where the trachea has been previously exposed surgically

well into the mediastinum.
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FIGURE 24-6 Exposure of the cervical
tracheal stenosis after spreading the
collar incision vertically. Strap muscles
are reflected laterally and held by a
self-retaining retractor. The thyroid
isthmus or its remnants are divided,
suture-ligated, and retracted with
traction sutures. Only thyroid adher-
ent to anterolateral trachea is dissect-
ed at this point. The anterior surface
of the trachea is dissected sharply from
the cricoid to the sternal notch, and
bluntly to the carina inferiorly. At this
stage, only the anterior surface of the
stenosis has been dissected.
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Decision is next made on whether or not an upper sternal division will be needed to enlarge surgical

access. Even if a stenosis can be dissected without dividing the upper sternum, greater access will be need-

ed for the anastomosis. Reconstruction will be completed with the neck in a slightly flexed position, with

the chin brought toward the sternum. If it appears that the sternum will be better divided, then this should

be done promptly in order to facilitate dissection. A vertical cutaneous incision is made from the midpoint

of the collar incision down over the midline of the sternum to a point 2 cm below the sternal angle 

(Figure 24-7A). The substernal plane is bluntly dissected and the sternum divided vertically through the

sternal angle. A small, pediatric-type chest retractor serves to spread the upper sternum several centime-

ters. One side or other of the divided portion of the sternum usually fractures at its lower end. No advan-

tage is gained by deliberately dividing across one of the limbs of the partially divided upper sternum. Since

all that is needed is access to the trachea behind the great vessels, complete sternotomy only extends the

operative field without contributing to required exposure. Surface projection of the carina lies at the level

of the sternal angle, but the carina rests posteriorly nearly against the vertebral bodies. After partial ster-

notomy has been added, a single Gelpi retractor is placed with one point against either clavicular head and

the other at the midpoint of the upper incisional flap (Figure 24-7B). Since a significant number of patients

with tracheal stenosis acquired their lesions during treatment for complications of cardiac surgery, the haz-

ards of reoperative sternotomy must be remembered. Careful technique, plus use of a Lebsche sternal knife

and mallet instead of mechanical saws, will minimize these problems. Once in my experience, a cemented

brachiocephalic vein was entered in such a case. Bleeding was controlled with Fogarty catheters while the

vein was dissected free for definitive control.

The anterior tracheal surface is dissected completely from the cricoid cartilage to the carina, in most

cases. The more normal segments of trachea above and below the stenosis and stoma are dissected first,

often bluntly. Freeing the pretracheal plane will allow the trachea to slide more easily for anastomotic

approximation. In contrast, a later freeing of the membranous wall of trachea from the esophagus will not

greatly increase mobility, and hence it is done only to the limited extent needed to permit anastomosis. Due

to the dense adhesions and unpredictable deformities seen with postintubation stenosis, dissection (espe-

cially after prior failed surgery) is guided by a combination of direct vision, palpation, and judgment from

experience about where scar ends and the trachea or its stenotic remnants begin. Dissection proceeds from

more normal trachea to scarred trachea. In the area of stenosis, dissection is kept very close to the scarred

portion of the trachea and elsewhere against the trachea itself, in order not to damage recurrent laryngeal

nerves. A stenosis may be indented in hourglass fashion. There may be no rings left to act as guides, and

remnants of cartilages may be disordered. Traction sutures in the divided thyroid isthmus are useful as the

gland is dissected from the lateral tracheal wall. Dissection of the normal distal trachea is done only on the

anterior surface, once past the level of the lesion. Distal pretracheal dissection is done bluntly, as in medi-

astinoscopy, if possible.

Great care must be taken not to injure the lateral blood supply of the portion of trachea that is to

remain after resection of the lesion. Circumferential dissection of the trachea should be made only at the level

of the lesion that is to be excised, and for no more than 1 to 2 cm above and below that level. Injury to blood

supply may result in a later tracheal necrosis and severe restenosis, which may no longer be reconstructible.

If a stenosis lies in the upper trachea, initial dissection is usually made circumferentially, immediately distal

to the area of stenosis. A figure of 8 suture may be placed in the stenotic segment to facilitate retraction of

the trachea, as dissection proceeds laterally and posteriorly on the trachea. Since the tissue below the steno-

sis is relatively normal, it is more easily dissected than that adjacent to the stenosis itself, particularly

posteriorly. Circumferential dissection is done just below the lower border of the lesion. If the membranous

wall is damaged during dissection, the perforation will be adjacent to the pathology and may be resected

with the specimen. A lower or longer injury must be repaired. With delicacy and care, this will seldom occur.
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FIGURE 24-7 Cervicomediastinal exposure of a longer stenosis. A, The dashed line indicates the exploratory cervical incision. The vertical extension car-
ried just past the sternal angle (solid line) provides the access to the mediastinum needed in this patient. B, A single Gelpi retractor exposes the cervical
field. A pediatric chest wall retractor or a Tuffier retractor holds the sternal edges apart. In this patient, a stoma was present in the upper stenosis. Hemo-
stats on the tips of the cutaneous oval around the stoma provide excellent traction later to rotate the trachea for dissection. The inferior Richardson retrac-
tor holds the undissected upper mediastinal vessels back to simplify lower pretracheal dissection. The distal trachea has not yet been exposed.
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Esophageal injury is even less likely. If dissection proceeds easily around a circumferential stenosis itself,

much or all of it may be completed before dividing the trachea. Otherwise, I prefer to divide the trachea just

below the lesion, and elevate the specimen to facilitate completion of dissection (Figure 24-8A). In a

supracarinal lesion, circumferential dissection is better done first just above the stenosis, and the trachea is

divided proximal to the lesion (Figure 24-8B). Cross-field intubation in this case is done through the lesion,

providing a good handle to facilitate distal dissection.

It is critically important to dissect close to the tracheal wall and to the lesion in cases of stenosis in

order to avoid injury to the recurrent laryngeal nerves. Particularly in the upper trachea, these nerves lie in

the tracheoesophageal groove. Dense peritracheal fibrosis may make it hazardous to try to identify the nerves

or to isolate them in the vicinity of the lesion. To minimize the incidence of nerve injury, it is far better to

dissect meticulously and patiently against the trachea without trying to visualize the nerves. The nerves

remain in the scarred lateral tissues, which fall to either side. Elevation of the specimen with traction further

protects the nerves during dissection, especially as the critical zone near the cricoid cartilage is approached.

Two major hazards of this dissection—devascularization of the trachea and injury to recurrent laryngeal

nerves—have been emphasized. A third potential major hazard is injury to the brachiocephalic artery, which

may result in postoperative hemorrhage. In many patients with a properly placed tracheostomy, the cuff will

lie at the level of the innominate artery. Dense peritracheal fibrosis may form, where a subsequent stenosis lies

directly behind the artery. In addition, if tracheal reconstruction has been attempted previously, the artery may

have been dissected free, and may therefore be adherent to the trachea. In a number of earlier reports of upper

tracheal resections, postoperative hemorrhage from the brachiocephalic artery occurred much too frequently.

This complication is usually avoidable. The key principle is to dissect “hard against” the trachea, keeping the

dissection on the tracheal surface or against the stenosis. No attempt should be made to dissect out the artery

itself or to place loops around it for retraction. Dissection in this manner leaves a protective barrier of the

artery’s normal investments of connective tissue as well as scar tissue. If this technique is followed, then the

artery is not likely to leak postoperatively, even when it lies against the anastomosis. In case of justifiable con-

cern that the artery may be at risk, usually because of prior surgery, a strap muscle is pedicled and sutured

between the artery and tracheal anastomosis to provide a buttress of healthy tissue. Less often, a lobe of thymus

may be interposed. If the artery is fused to the trachea (due to prior surgery), proximal and distal control must

be obtained before freeing it. In such cases, tissue interposition becomes essential.

Resection

A Penrose drain is passed around the trachea where circumferential dissection has been done just below the

lower end of the stenosis. The anesthetist is asked to deflate the cuff on the endotracheal tube, and two

sutures of 2-0 Vicryl are placed vertically in the midlateral line of the distal trachea on either side, through

the full thickness of the tracheal wall, usually encircling one ring (Figure 24-9). These are placed at a point

that is estimated to lie one or two rings distal to what will be the line of tracheal division. This is not criti-

cal since the traction sutures may be easily replaced after tracheal division. Indeed, it is sometimes conve-

nient to place the traction sutures after tracheal transection via the open lumen. In many cases, the border

of the lesion is clearly visible from outside of the trachea. A tentative transverse incision is next made in the

trachea, at the lower end of identifiable pathology. One can always remove more trachea, but one cannot

replace it. If there is more disease distally, then successive partial transverse incisions are made until a car-

tilaginous ring of acceptable quality is encountered. In many cases, some inflammation continues distally

and, more frequently, is noted proximal to the stenotic lesion. Indeed, sometimes, no absolutely normal tra-

chea or larynx will be found proximally. All severe diseases must be removed to avoid restenosis, but

unneeded resection increases the risk of complications from anastomotic tension. Some fibrosis or inflam-

mation can be accepted if healthy cartilage is visible on transection.
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FIGURE 24-8 Division of the trachea and dissection of
the stenosis. Note the traction sutures. A, In most cases,
the trachea is circumferentially dissected below the steno-
sis, and the trachea divided and intubated distally. Trac-
tion on the lower end of the specimen facilitates posterior
and lateral dissections from the esophagus. B, In a low-
lying stenosis, it is more convenient to divide the trachea
proximal to the lesion, dilate the stenosis directly if need
be, and intubate through the stenosis. Traction on the
specimen again facilitates posterior dissection until ready
for distal tracheal division.
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In patients who particularly have stenosis related to the cuff of an endotracheal tube and who have

not had a tracheal stoma, the external surface of the trachea may appear to be relatively normal, except for

mild peritracheal fibrosis. The exact level of stenosis must be precisely localized intraoperatively, and not

from earlier bronchoscopic measurement alone or from radiographs. A flexible bronchoscope is passed

intraoperatively through the endotracheal tube, and the tube is withdrawn slowly under direct vision to a

subglottic position. The bronchoscopist identifies the precise level of the lower end of the stenosis. With the

operating field lights deflected, the area of tracheal transillumination is clearly seen. A no. 25 hypodermic

needle is passed through the tracheal midline from the operative field, at what appears to be the distal mar-

gin of the stenosis. The bronchoscopist checks the position of the needle until it is precisely located 

(Figure 24-10). The outer tracheal wall is marked with a suture at this exact level. The upper end of the

stricture may be similarly identified, although it will be easier to identify intraluminally once the trachea

has been divided distally and the specimen elevated.

FIGURE 24-9 Placement of traction sutures. A, When transection is just below the cricoid cartilage, the proximal traction
sutures are placed in the midlateral line in the lateral cricoid laminae. The suture grasps a sturdy amount of cartilage but
does not enter the lumen of the larynx (see detail). B, In the trachea, distal or proximal, the midlateral sutures pass around
a cartilage, about one ring below the point of transection, and pass in and out of the tracheal lumen, as shown in detail.
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A flexible endotracheal tube with its connectors and sterile anesthesia tubing is clipped into place at

the level of the incision, and the proximal anesthesia tubes are passed through the drapes to the anesthetist.

Our staff dubbed these “elephant trunks.” The peroral endotracheal tube is partly withdrawn and taped.

The trachea is divided transversely. Care is taken to make this a clean cut, preferably but not necessarily,

between cartilages. The distal trachea is intubated across the operative field, inflating the cuff just enough

to obtain a seal. The traction sutures may be elevated and crossed over the tube where it lies, and fixed to

the drapes or held by a second assistant. This keeps the tube in place without the need for tying or sutur-

ing it in place. The endotracheal tube and its attached “trunks” may be flipped up or down to improve

access at different stages of operation, or the tube may be removed intermittently during anastomosis.

Perelman suggested placing the anesthesia tube through a temporary and more distal vertical tracheo-

stomy,1 but I have usually avoided this. Even when the cuff of the tube is inflated, the operative field and

the distal trachea are suctioned frequently to minimize seepage of blood into the tracheobronchial tree.

This is especially important in patients with marginal pulmonary function.

The specimen is grasped with Allis forceps on either side of its distal margin and elevated upward or

to the side, as necessary (see Figure 24-8). The paired Allis forceps expose the plane of dissection more clear-

ly. Dissection is completed with this exposure in areas of difficult scarring, until the proximal end of the area

of stenosis is reached. Great care must be exercised proximally if the cricoid cartilage is approached. The

recurrent laryngeal nerves enter the larynx, medial to the inferior cornua of the thyroid gland, against the

broadened portion of the reverse signet ring of the posterolateral cricoid cartilage. Dissection is carried up

to the palpable inferior margin of the cricoid cartilage where stenosis extends that high. As one elevates the

specimen with traction, the esophagus may be dissected away from the trachea without injury. Care must be

taken not to dissect posteriorly superior to the inferior margin of the posterior cricoid plate, since this is the

point where the larynx and esophagus are attached, and also where the recurrent nerves enter the larynx

posterolaterally. It is also important to have the anesthetist withdraw the endotracheal tube in high lesions

so that one does not palpate the tip of the tube and mistake this for the cricoid plate. Indeed, for higher

lesions, the bulk of the endotracheal tube may be very much in the way of the operator. I, therefore, usually

suture a catheter into the leading tip of the endotracheal tube and ask the anesthetist to withdraw the 
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FIGURE 24-10 Flexible bronchoscopic
transillumination of the trachea to identify
the borders of a stenosis not clearly identifi-
able externally. A fine needle is inserted and
placed precisely at a margin of the lesion
under visual bronchoscopic guidance, and
the point marked by suture.
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endotracheal tube from the larynx altogether (Figure 24-11). The catheter later serves as a guide to bring the

endotracheal tube back down through the larynx, just prior to completion of the anastomosis. The narrow

diameter of the catheter does not interfere with visualization of the interior of the airway.

When the proximal end of a tracheal stenosis has been reached, dissection is carried a little further in

order to make place for lateral traction sutures and to prepare a margin for suturing. Obviously, if this is

the cricoid cartilage itself, then minimal further dissection is performed. Dissection is often required for a

short distance laterally between cricothyroid muscles and the upper pole of the thyroid gland. More poste-

rior dissection is not useful and can endanger the recurrent laryngeal nerves. In this case, the midlateral

traction sutures (2-0 Vicryl) are placed in the larynx itself, obtaining a good firm bite in the lateral cricoid

cartilage laminae, since purely muscular sutures will pull out. Sutures thus placed in the larynx do not enter

the lumen (see Figure. 24-9A).

FIGURE 24-11 Use of a catheter as a “leader,” which will be used to draw the endotracheal tube back through the larynx.
A, Heavy suture passed through the tip of the endotracheal (ET) tube and through the catheter, 1 to 2 cm from its tip. B,
The suture fixes the “leader” to the leading tip of the ET tube so that it will not be caught on the vocal cord as it is pulled
distally through the larynx.
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If the stenosis is low in the trachea, it is more convenient initially to dissect circumferentially

around the trachea, proximal to the lesion. This permits division of the trachea, where it is easily acces-

sible. The endotracheal tube across the operative field passes through the stenosis into the distal trachea

(see Figure 24-8B). The stenosis is dilated, if necessary. Uterine or common duct dilators serve well. Allis

forceps placed on either side provide good traction to complete the distal dissection. With the

brachiocephalic vessels gently retracted forward, a benign stenosis located even at the supracarinal level

may be resected by this approach. With very distal stenoses, lateral traction sutures may be placed with

minimal difficulty at the tracheobronchial angles and, later, the anastomotic sutures. In such cases, intu-

bation is usually made into the longer left main bronchus after the specimen is removed, ventilating one

lung only. High frequency ventilation may be used, either with a single or bifid catheter. This approach

is worthwhile, in order to avoid the discomfort of a thoracotomy, and it is essential in patients with a low

tracheal stenosis, who suffer from severe chronic obstructive pulmonary disease and who could not safe-

ly undergo thoracotomy. A complete sternotomy does not provide better exposure than a partial one,

since dissection lies behind the great vessels. A transpericardial approach is not necessary here.

With careful dissection, it is extraordinarily rare to enter the esophagus. However, in patients with

circumferential cuff lesions, the stenosis may be densely adherent to the esophagus and dissection must be

precise. If there was any likelihood of injury, then methylene blue in a large volume of saline should be

instilled into the esophagus through a high nasogastric tube for direct inspection. An esophageal injury is

meticulously closed in two layers (see Chapter 26, “Repair of Acquired Tracheoesophageal and Broncho-

esophageal Fistula”) with an overlying buttress of pedicled strap muscle.

Two Concurrent Tracheal Stenoses

A few times, I have encountered a patient operated upon for a cuff stenosis, in whom a stomal stenosis of sig-

nificance later develops. If the length of normal trachea permits, resection of the subsequent stricture is to be

done. Even more rarely, a patient may present with concurrent clinically important stenoses at stomal and cuff

sites, with a segment of normal trachea between the lesions. Dual resections have been reported but I believe

it safer to stage the procedures. The distal (cuff) stenosis is resected and a short T tube is placed in the prox-

imal (stomal) stenosis, with the stoma located in the damaged segment (Figure 24-12). The T tube stops short

of the fresh anastomosis to avoid irritating it. In dissecting the stenoses, particular care is given to avoiding

injury to the blood supply of the short intervening segment. The second resection is delayed for 4 months.

Neoplasms

Dissection for tumors follows a slightly different course. Dissection is begun at a distance away from the

tumor, in order not to break into it. The recurrent laryngeal nerves, if they are likely to be involved or are

involved, are identified (as in surgery for thyroid neoplasm) at a distance from the tumor and followed up

to the area of the tumor. If one of the nerves is clearly involved by tumor, or if the vocal cord is already par-

alyzed by tumor, it will have to be sacrificed. Dissection is done with great delicacy to avoid bruising injury

to a nerve, even if it is not divided. Extensive lymph node dissection is generally not possible, except in the

area adjacent to the tumor, since excessive dissection of the paratracheal nodes may injure the blood sup-

ply of the trachea. If tracheal tumor invades the thyroid gland, the lobe or a portion of it may be resected

en bloc with the trachea. If the tumor involves the anterior esophageal wall, it may be necessary to remove

a portion of the muscular wall or, less commonly, a full thickness portion of the wall. In the case of mus-

cular removal, muscular edges are reapproximated with fine interrupted 4-0 silk or Vicryl sutures.

Following full thickness removal, the esophagus is closed in two layers, using Sweet’s technique of invert-

ing the esophageal mucosa with 4-0 sutures, followed by Lembert sutures of the muscularis.2 A flap of strap

muscle should be sutured over the closure so that muscle will be interposed between the esophageal suture
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line and the tracheal suture line to minimize the possibility of a fistula. An esophagus so narrowed usually

does not require subsequent dilations.

Frozen sections from margins of resection are essential in all malignant or indeterminate neoplasms

and also in case of close resection of a benign neoplasm. Specific tumors present special problems. Thyroid

carcinoma, which involves the lower portion of the larynx as well as upper trachea, is dealt with subse-

quently (see Chapter 25, “Laryngotracheal Reconstruction”). Since adenoid cystic carcinoma often extends

for long distances beyond visible pathology, the approach for resection and for appropriate release maneu-

vers must be carefully planned. It may become necessary to accept microscopic tumor at the margins of

resection, in order not to compromise the possibility of healing by excessive anastomotic tension following

an extended resection.

FIGURE 24-12 Management of two separate tracheal stenoses. The proximal lesion is usually due to a stoma and the distal lesion to a cuff. A, The dis-
tal stenosis is resected and tracheostomy placed in the proximal lesion. Great care is taken to preserve blood supply, especially of the intervening segment.
B, A short T tube provides an airway during healing of the distal anastomosis. C, Final result. The previous anastomosis is indicated by a dotted line.
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Reconstruction

After resection of the specimen, and after examination of the proximal and distal ends of the remaining tra-

chea to be certain that the tissue is of good enough quality to promise healing without stenosis, the ease of

approximation is determined. The anesthetist or an assistant is asked to put the patient’s neck in flexion

with a hand beneath the occiput. The chin must approach the upper sternum. This should not be done by

raising the headpiece of the operating table, as this tends to thrust the chin forward rather than to provide

flexion of the neck. The surgeon and the surgical assistant grasp the upper and lower tracheal traction

sutures on their respective sides and draw these together without excessive tension (Figure 24-13). The

anesthesia tube on the field is usually removed transiently to clarify this observation. Since the patient is

fully oxygenated, there is no urgency for continuous ventilation. Initially, I measured the tension required

for approximation in the operating room, using spring tensiometers. This was mechanically difficult and

proved to be unnecessary. It becomes clear to the experienced surgeon’s judgment as to whether the ten-

sion required for approximation is appropriate. Excessive tension must be avoided. Initial assessment of the

lesion and its length by radiology, by bronchoscopy, and finally (in a very few) by external exploration

should eliminate most patients in whom tension would be excessive. In borderline cases, however, adjunc-

tive measures such as laryngeal release are available. These methods are described later.
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FIGURE 24-13 A, Testing for ease of tracheal approximation after resection. B, The patient’s head is tentatively elevated so that the chin approach-
es the chest wall. Forceful or extreme flexion is to be avoided. The surgeon and an assistant pull the tracheal ends together using the lateral traction
sutures. Approximation must be feasible without excessive tension.
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After demonstration that the ends do approximate without excessive tension, the patient’s neck is

again extended and anastomotic sutures are placed. After trials with various suture materials (including

Mersilene, Tevdek, Prolene, and polydioxanone suture [PDS]), I settled on 4-0, absorbable but long lasting

synthetic polyglycolic acid sutures (Vicryl, coated). 5-0 Vicryl is used in infants and small children. This

material has provided the necessary strength, flexibility, ease of use, and duration, essentially without

complications. Use of Vicryl has almost wholly eliminated suture line granulomas in tracheal anastomosis.

Monofilament PDS has proven more difficult to use in comparison, and it has no practical advantages over

Vicryl. A lesser degree of early histologic reaction to PDS, over that seen with Vicryl,3 seems to have no real

importance with respect to final results, as we have demonstrated.4

Anastomosis is commenced with an initial suture posteriorly in the midline of the membranous wall,

which passes from outside into the lumen, in either the upper or the lower segment of the trachea, and then

FIGURE 24-14 Commencement of tracheal anastomosis. A, Lateral stay sutures are in place. The initial anastomotic suture is located in the posterior
midline so that the knot will be extraluminal. A hemostat holds the suture and this in turn is clipped to the drapes laterally. B, The next suture is placed
4 mm lateral to the first. The previous suture is pulled out of the way with a Blalock hook so that the subsequent suture will be anterior to the first.
Each is clipped to the drapes caudad to the previous suture.
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from inside to outside in the opposite segment (Figure 24-14A). The suture is clipped with a hemostat and

this in turn is clipped to the drapes with a curved hemostat at the cephalad end of the field, but no higher

than the level of the base of the patient’s neck. Sutures clipped to head drapes will fall against one another

and possibly become snarled when the neck is later placed in flexion. Each successive suture is placed ante-

rior to the previous one in the tracheal wall, progressing laterally (Figure 24-14B). Since the sutures will be

tied in the reverse order from which they are placed, it is important that these be laid down precisely. In

this way, they will not cross one another as they are successively tied (Figure 24-14C). Each is clipped to the

drapes progressively from cephalad to caudad, with the most posterior suture being most cephalad. Place-

ment of these sutures is facilitated if the surgical assistant uses a Blalock hook to pull the previous sutures

out of the way as each succeeding suture is passed through the tracheal wall (see Figure 24-14B). Sutures

are placed approximately 4 mm apart and 3 to 4 mm distant from the cut edge of the trachea. No particu-

lar effort is made to pass around the rings; indeed, this should be avoided in small children, since the rings

may be flexible enough so that they can be folded together and the anastomosis narrowed. Suturing thus

progresses from the midline of the posterior wall of the trachea to a point just behind a midlateral traction

suture (Figure 24-15A). The traction sutures should lie exactly in the midline laterally, so that superior and

inferior traction sutures will correspond when the trachea is pulled together. A second group of sutures is

placed from the posterior midline to the opposite lateral traction suture and clipped to that side of the table

(Figure 24-15B). I prefer to place each “set” of sutures from the corresponding side of the table. Traction

sutures are aligned so that the upper ones stretch out in the superior end of the field and the lower ones in

the inferior end of the field. Placement of anastomotic sutures is facilitated by the assistant’s pull on the

traction sutures in appropriate directions.

The balance of the sutures are now placed anteriorly between the two sets of traction sutures and

clipped in a fan-like arrangement to the drapes over the lower anterior chest wall below the inferior por-

Tracheal Reconstruction: Anterior Approach and Extended Resection 535

C

FIGURE 24-14 (CONTINUED) Tracheal anastomosis. C, Each succeeding suture will follow this pattern, clipped to the drapes
caudad to the prior suture but lying anterior to it.
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tion of the incision (Figure 24-15C). I usually place bracketing sutures, one on either side, just anterior to

the lateral traction sutures, and then fill in appropriately between them. Discrepancy in the size of the prox-

imal and distal trachea can be corrected by eye, with proportional placement of sutures. The tracheal ends

are never tailored with wedge resections to correct discrepancies in size, even in a marked “saber sheath”

trachea. The endotracheal tube in the distal trachea may be periodically removed if it interferes with suture

placement. Monitoring oxygen saturation helps to guide intermittent removal of the tube.

When all anastomotic sutures are placed, the endotracheal tube across the field is removed. The per-

oral proximal tube is drawn into the field and, if a guiding catheter has been placed, it is removed. The dis-

tal airway is carefully suctioned. The proximal endotracheal tube is then guided further down into the dis-

FIGURE 24-15 Placement of the three groups of anastomotic sutures.
Dashed line: midline. A, Initial posterolateral group running from
the posterior midline of the trachea to a lateral midline stay suture
(arrow). B, Second posterolateral group similarly placed on the oppo-
site side of the trachea. C, Anterior and anterolateral sutures are
finally placed, running from one lateral stay suture to the opposite lat-
eral stay suture.
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tal segment of the trachea using blunt forceps. It is important not to pass it too far distally, since when the

neck is flexed the tube will be driven into the right main bronchus or against the carina, making approxi-

mation difficult. The anastomotic sutures should be pulled taut before advancing the proximal endotra-

cheal tube, and the tube advanced with care to avoid looping a suture over the tube. If a suture is inadver-

tently tied over the tube, it may be impossible to extubate at the end of the operation without breaking the

suture forcefully.

The inflatable bag beneath the patient’s shoulders (“thyroid bag”) is deflated, giving a measure of cer-

vical flexion. With the surgeon and the surgical assistant on each side gently drawing together the 2-0 lat-

eral Vicryl traction sutures, one against the other, the anesthetist or the anesthetist’s assistant places the

patient’s neck in flexion. Folded blankets are placed beneath the occiput to hold the neck firmly in flexion.

This directs the chin down toward the sternal notch, lowering the larynx. Flexion is never extreme or forced.

The endotracheal tube is adjusted in case it has slipped too far distally, and the cuff is inflated to provide a

seal for ventilation. Lateral traction sutures are tied on either side to provide approximation without sig-

nificant intussusception, using the double strands tied in a surgeon’s knot. If due to pathology or anatom-

ic discrepancy a degree of intussusception occurs, it is acceptable. Smooth healing will follow. The ends of

these tied traction sutures are clipped with a larger clamp on either side.

The anterior anastomotic sutures are tied first. If the tracheal wall or cricoid cartilage is rigidified due

to calcification, then the sutures may be tied more easily by approaching the midline from each side. This

avoids initial excessive tension on the central suture. Sometimes, tentative approximation can be encour-

aged using a clamp-held “peanut” to push the ends together while initial tying is done. A more effective

maneuver is for the assistant to pull the ends together by crossing the next suture beyond the one being tied

by the surgeon. In cases where there is more discrepancy than desirable, I use one or more heavier sutures

in the midline (3-0 or, on rare occasions, a 2-0 midline “keystone” suture). After each suture is tied with five

knots, the excess suture is cut. This frees the field of dangling sutures.

On occasion, a considerable degree of calcification, particularly in the cricoid and sometimes in the

trachea, resists placement of sutures. By taking a short hold on the anastomotic suture needle and driving

it in at a right angle, a spot is often found where the needle will penetrate. If this is not possible, then I use

either a more rugged needle (a hypodermic needle held in a hemostat) to force a channel for sutures, or

occasionally a fine dental drill to produce a hole through which the suture needle can be passed.

After the anterior sutures are tied, a retractor is slipped in behind the lateral traction and posterior anas-

tomotic sutures on one side (but in front of the thyroid isthmic traction suture). The assistant gently retracts

the tied lateral tracheal traction suture of that side, and the surgeon continues to tie the lateral and posterior

groups of anastomotic sutures, beginning with the one just behind the traction suture and progressing toward

the posterior midline. The long ends of each suture are cut after the knot has been tied. The most posterior

sutures may have to be tied by palpation rather than by direct vision. Each knot is carefully set to eliminate

slack. After completing the first set of lateral sutures, the surgeon goes to the other side of the table and repeats

the process on the remaining posterolateral sutures. The anastomosis is now complete (Figure 24-16). To test

the integrity of a high tracheal anastomosis, the cuff on the endotracheal tube is deflated, the wound is flood-

ed with saline, and the anesthetist transiently produces 30 cm of water pressure by continuous forced venti-

lation. Air is heard passing out through the larynx and pharynx. If there is a leak, air bubbles will appear in

the saline. Usually, there is not. A low anastomosis is tested with similar ventilatory pressure, but the inflated

cuff lies above the anastomosis. Since it is contaminated, the wound is thoroughly irrigated.

Posterior anastomotic sutures could be placed and tied prior to placing the anterior sutures. This,

however, creates difficulty in patients who undergo lengthy resections of the proximal trachea, especially

when close to the larynx. The cervical flexion that is required to bring the patient’s trachea together allows

only poor access for placing anterior sutures, if the posterior sutures are tied first. Although the described
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system of placing all sutures prior to final anastomosis may seem to be complex at first, it becomes easy

with consistent use. Its dependability is gratifying. I use this same method for carinal and for bronchial

sleeve anastomoses and find it equally satisfactory in all cases.

The thyroid isthmus is frequently reapproximated over a high tracheal anastomosis. If for any reason

a further seal is desired over an upper tracheal anastomosis, the strap muscles may be sutured above and

below the anastomosis to trachea and in the midline to provide additional buttressing. A second layer is not

routinely necessary, except intrapleurally. The use of a muscle pedicle to protect the brachiocephalic artery

from the anastomosis has already been noted. The divided upper sternum is sutured with heavy sternal

wires, using two or three sutures. Suction drains, which are placed through small stab wounds lateral to

each end of the collar incision, lie in the substernal and pretracheal spaces. Strap muscles are sutured in the

midline. The platysma is closed and the skin sutured with subcuticular stitches.

FIGURE 24-16 Completion of anastomosis.
A, Diagram to indicate how left posterolateral
sutures lie, with the most anterior of the group
being in front of the previous suture. For clar-
ity, the right posterolateral as well as the stay
sutures are omitted. A few anterolateral
sutures are also shown. See text for the order
of placement. B, The finished anastomosis.
The heavy lateral stay sutures are tied first,
taking tension off the anastomotic sutures.
Only the left-sided stay suture is visible.
Sutures have been tied in the order described
in the text: anterior sutures first, followed by
each posterolateral group, from lateral to
medial.
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After the incision has been closed, the drapes over the neck and head are removed. Often, it is noted

at this point that the patient’s head and neck are not actually in as marked a flexion as was thought. A heavy

“guardian” suture (no. 2) is placed to prevent excessive extension of the neck in the immediate postoperative

period. This suture passes transversely through a generous bite of skin in the submental crease and then

through the presternal skin (Figure 24-17). Where there is a midline vertical incision, I use two sutures from

the chin to either side of the presternal incision. These sutures should be fixed in skin that has not been 

dissected up from the chest wall. Obviously, it is important to warn the patient and the patient’s family about

these sutures in advance! The guardian sutures remain for 6 or 7 days following operation. It must be empha-

sized that the purpose of the guardian suture is to prevent inadvertent hyperextension postoperatively, as 

during sleep. Extreme approximation of the chin to chest is to be avoided. Permanent quadriplegia has been

reported after extreme positioning intra- and postoperatively, possibly analogous to similar disasters related

to prolonged extreme cervical flexion during certain neurosurgical procedures.5 Extreme extension of the

neck intraoperatively is also to be avoided. The origin of this disastrous complication is not clear but it may

be due to vascular deprivation of the spinal cord. I have not personally encountered this disaster.

Since the patient has been carried on spontaneous or assisted ventilation without paralyzing agents,

extubation can usually be carried out as the patient awakens. The airway should be satisfactory. Rarely,

laryngeal edema may cause transient difficulty, particularly in procedures that involve the larynx itself. In

these cases, a small endotracheal tube may be left in position for a few days, preferably without a cuff or

with a deflated cuff. Tracheostomy is to be avoided initially, particularly in cases of lengthy resection.

A tracheostomy could lie close to the anastomosis and produce a real risk of injury that could cause

restenosis. Tracheostomy is never performed through a fresh anastomosis. If anastomosis of the trachea has

been done properly, internal stenting, as with a T tube or endotracheal tube, is not required. Further man-

agement of a patient with persistent postoperative airway obstruction is discussed in Chapter 20, “Post-

operative Management,” Chapter 21, “Complications of Tracheal Reconstruction,” and Chapter 25, “Laryn-

gotracheal Reconstruction.”
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FIGURE 24-17 The “guardian” chin stitch from
the submental crease to presternal skin. The stitch
is to prevent hyperextension postoperatively and
not to effect extreme hyperflexion.
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Extended Resection

Laryngeal Release

When the length of resection of upper- or midtrachea is so great that anastomosis cannot be completed

without excessive tension, anatomic release of the larynx to allow it to devolve distally may provide the nec-

essary additional relaxation. Ogura and Roper described cutting the “ribbon muscles” of the larynx to

achieve more mobility after a partial cricoid resection.6 Two principal methods described were 

thyrohyoid release, proposed by Dedo and Fishman,7 and suprahyoid release, developed by Montgomery.8

The length of release which results varies individually, but is not great. In practice, between 1 to 2 cm may

be expected from this maneuver alone. However, even 1 cm represents nearly 10% of the trachea’s length.

Zitsch and colleagues more optimistically measured anatomically a tension-free drop of 1.5 cm

with suprahyoid release and a total of 2.0 cm with additional division of the inferior constrictor muscle

from the thyroid cartilage.9 When a tension of less than 1,700 g was applied, a gain in length of 3.5 cm

and 4 cm, respectively, was found. Clinical application was not described. The effect on deglutition is

hence unknown. Other combinations of release have also been proposed, including infrahyoid and infe-

rior constrictor release10 and intralaryngeal division of the thyroid cartilage.11 These last two methods

were described in small numbers of patients. I have had no experience with these three techniques.

Laryngeal release is a useful procedure for extended upper tracheal resection and it may also contribute

in a lengthy resection of the midtrachea or, on rare occasions, in a lower tracheal and carinal resection which

extends to the midtrachea. However, I learned from experience that laryngeal release contributes nothing to

low tracheal resection or carinal resection. The relaxation afforded by laryngeal release simply does not trans-

fer all the way to the lower trachea. This was confirmed experimentally by Valesky and colleagues.12

Laryngeal release is not necessary routinely in tracheal reconstruction, as was advocated.7 Indeed, in

521 operations for postintubation stenosis, including 53 re-resections, laryngeal release was employed in 49

patients.4 Laryngeal release was understandably more frequently necessary in secondary operations (29%

versus 6.4% in primary operations). In 80 laryngotracheoplastic resections for stenoses of varying etiology,

only 7 releases were necessary.13 Seven laryngeal releases were performed in 89 tracheal resections and 19

laryngotracheoplastic resections for primary tracheal and secondary tumors.14

Thyrohyoid Laryngeal Release. I initially used the “Dedo” release technique for thyrohyoid laryngeal

release.7 In this technique, the thyrohyoid muscles and the thyrohyoid membrane are divided above the thy-

roid cartilage, after retracting the sternohyoid and omohyoid muscles, and the superior cornua of the 

thyroid cartilage are detached to permit the larynx to drop (Figure 24-18). Great care is taken not to injure

the internal branches of superior laryngeal nerves, which lie just behind and medial to the superior cornua

of the thyroid cartilage. In a limited personal experience, most patients had significant postoperative diffi-

culty in swallowing, some with aspiration. Patients gradually overcome this disability. F. G. Pearson 

(personal communication) reported a similar experience. I then moved to the “Montgomery” release tech-

nique.8 Fewer patients have had difficulty with aspiration following this method of release. Those who do

are often older and, of course, have needed extended resections. These are precisely the patients most 

likely to need release. Nearly all patients overcome their aspiration problem with time and with assistance

(see Chapter 21, “Complications of Tracheal Reconstruction”).

In Surgery of the Larynx and Trachea published in 1990, Dedo no longer described the thyrohyoid

release, instead presenting the suprahyoid technique which “releases the larynx just as well as the thyro-

hyoid membrane technique and probably minimizes the risk of injury to the superior laryngeal artery and

vein and the internal nerve branch.”15 His technique is therefore presented here for completeness only.



Suprahyoid Laryngeal Release. Since I prefer to use a low collar incision for tracheal resection and recon-

struction, rather than a higher incision or a U-shaped flap, I make a second short transverse incision directly

over the hyoid bone (Figure 24-19A). This combination of incisions affords good access for the release and the

reconstruction, and at the same time is more cosmetic. The incision for release is carried directly down to the

hyoid bone. The superior surface of the central hyoid is exposed and dissection is carried laterally (Figure 24-

19B). The tendons of the stylohyoid muscles attaching just below the sling for the digastric muscle are divided

on either side. The digastric sling is left intact. All muscles attached to the hyoid between the two digastric slings,

including the tendons of chondroglossus muscles to the lesser cornua of the hyoid bone, are detached. These

are the mylohyoid, geniohyoid, and genioglossus (Figure 24-19C). I have found it convenient to do this with

cautery, although this makes definition of the individual muscles less clear. The hyoid bone itself is divided lat-

eral to the lesser cornu and medial to the digastric sling on either side (see Figure 24-19C). The preepiglottic

space is widely opened (Figure 24-19D). Dissection, subcutaneously on the suprafascial plane to join the two

cutaneous incisions, adds nothing to the release. A flat suction drain is placed in the preepiglottic space and the

incision is closed in two layers. Immediate closure of the incision is important because it becomes inaccessible

after completion of the tracheal anastomosis, when the neck is placed in flexion.
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FIGURE 24-18 Thyrohyoid laryngeal release procedure. Technique of Dedo and Fishman.7 A, Exposure of the larynx between retracted sternohyoid
muscles. The thyrohyoid muscles are divided at the upper edge of the thyroid cartilage, and the superior cornua of the thyroid cartilage are divid-
ed. The internal branch of the superior laryngeal nerve and the superior laryngeal artery are medial to the cornu and must be carefully avoided.
B, The thyrohyoid ligament and membrane are opened transversely. Note the artery and nerve described in the legend for A.
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Recapture of Tracheal Length

In some patients, a tracheostomy has been made just above or below a lengthy segment of tracheal stenosis,

as emergency treatment for the stenosis, unfortunately even where the stenotic segment was accessible in the

neck. In some, a stoma has been located below a stenosis as a safeguard for repeated laser treatments of the

stenosis. These compound the length of lesions, which might otherwise have been easily corrected by resec-

tion. The stoma may lie so close to the area of stenosis that there is not a bridge of normal enough trachea

left between the stoma and stenosis to permit dependable anastomosis. Resection of the new tracheal stoma,

along with the long adjacent stenosis, may result in excessive anastomotic tension. In such a patient, the

recent tracheostomy may be abandoned and allowed to heal (Figure 24-20). This may recapture 1.0 to 2.0

cm of trachea, adequate for reconstruction.16 The patient is observed in hospital without a tracheostomy

FIGURE 24-19 Suprahyoid laryngeal release. Technique
of Montgomery.8 A, A short transverse incision over the
hyoid bone is sufficient for the release procedure. The tra-
cheal reconstruction is accomplished via the collar inci-
sion. B, Stylohyoid tendons and mylohyoid, geniohyoid,
and genioglossus muscles attached to the central hyoid
bone are divided.
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during stomal healing, with periodic dilations as needed to maintain the airway. This is usually preferable to

inserting an endotracheal tube, which causes inflammation, or to locating another tracheostomy at a remote

distance since this may limit mobility. If any inlying stent is used to temporize, it should be of silicone so that

it will be easily removable with minimal injury to the trachea. If the stenosis is accessible in the neck, the tra-

cheostomy is replaced in the damaged segment, which is ultimately to be resected (Figure 24-21) while wait-

ing for the prior stoma to heal. After the offending stoma has sealed sufficiently (usually within 2 weeks) and

some regression of inflammation has occurred, then resection of the stenotic segment with primary anasto-

mosis is accomplished. These considerations do not apply where the existing stoma is remote from the lesion

or where its inclusion in resection will not unduly lengthen the resection (Figure 24-22).

Hilar Release

A hilar release has only rarely been performed for benign stenosis of the upper or midtrachea, since it huge-

ly increases the extent of surgery otherwise planned as a cervicomediastinal procedure. The gain in length
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FIGURE 24-19 (CONTINUED) Suprahyoid laryngeal
release. C, The lesser cornua of the hyoid with the chon-
droglossus muscles are transected. The digastric muscle
slings attaching to the hyoid are left intact. The hyoid
itself is divided on both sides anterior to the digastric
attachments and lateral to the lesser cornua. D, The
suprahyoid membrane is opened and the preepiglottic
space entered.
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over mobilization of the pretracheal plane, cervical flexion, and laryngeal release is not great, even when

release is bilateral. Accomplishing bilateral hilar release is difficult, requiring in such a patient a right 

pleurotomy via complete sternotomy and a T incision into the left fourth interspace or intrapericardial

exposure on the left (see Chapter 28,“Reconstruction of the Lower Trachea [Transthoracic] and Procedures

for Extended Resection”). Although this may be justified for neoplasm in a patient who can tolerate the

procedure, acceptance of T tube restoration of an airway may be more judicious for a lengthy benign 

stenosis, except in a young and fit patient. In such an extreme circumstance, laryngeal release is often also

useful if the lesion involves the midtrachea.

Management of Malacic Segments

A segment of trachea may rarely and inexplicably become malacic rather than stenotic from the effect of a

cuff injury. Such a lesion is best treated by resection and anastomosis. A small number of patients with a

well defined cuff stenosis may also have a malacic segment between the site of the original tracheal stoma

(or an existing stoma) and the stenosis. When the distance between the stoma and the stenosis is short, and

removal will not result in too extensive a resection, it is preferable to resect the entire area of damaged 

FIGURE 24-20 Recapture of tracheal length for recontruction where a stoma has been made just proximal to a lengthy
stenosis. A, Dotted lines indicate the excessively long resection that would be required. B, The stoma is allowed to heal
prior to resection (C).
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trachea. External cartilage grafts have not been very successful in malacia. The grafts survive, but most often

are not incorporated into the tracheal wall to provide stability.

A small number of patients, in whom complete resection of both lesions would have been impossible,

were managed by resecting the stenosis and by external splinting the malacic segment with specially designed

polypropylene rings.16 Splinting was limited to the use of one or two rings. These rings were developed orig-

inally for construction of cervical cutaneous tubes. Their use in tracheal splinting is described in more detail

in Chapter 32,“Surgery for Tracheomalacia, Tracheopathia Osteoplastica, Tracheal Compression, and Staged

Reconstruction of the Trachea.” Splinting a malacic segment of the trachea in this way may be hazardous.

Care must be taken not to free up such a thin and altered segment circumferentially throughout its entire

length or it is likely to necrose, as occurred in one patient. Tracheomalacia resulting from softening or loss

only of cartilages differs from malacia due to what is essentially total loss of the tracheal wall and scar

replacement. The latter necroses easily when freed from its connection to surrounding tissue from which

blood supply derives. It is necessary to create an individual tunnel for each ring around softened trachea, so

that the blood supply will remain. A ring must not be in contact with either a stoma or the anastomosis to

avoid infection. Rings must be thoroughly imbedded in tissues using strap muscles. These foreign bodies
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FIGURE 24-21 In this case, a stoma was made below a lengthy stenosis (A). It is transferred into the stenotic trachea (B)
and resection performed (C) after stomal healing.
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may become infected from the contaminated operative field and require later removal. The general rule, that

it is best to avoid foreign material in tracheal reconstruction, remains sound. No consistent success in the

treatment of tracheomalacia has been reported with the use of other types of external splints, either of syn-

thetic or cartilaginous autografts. Expandable internal stents are not safely used adjacent to tracheal anasto-

moses. A safer alternative, generally, for management of an otherwise unreconstructible trachea, is a perma-

nent T tube. Long-term results of the primary use of inlying stents remain uncertain (see Chapter 40,

“Tracheal and Bronchial Stenting”).
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Laryngotracheal Reconstruction

Inflammatory Subglottic Stenosis

Neoplasms Involving the Lower Larynx and the Trachea

Hermes C. Grillo, MD

Postintubation stenosis often involves both the subglottic larynx and the upper trachea. Stenoses from other

causes, such as idiopathic stenosis, trauma, or Wegener’s granulomatosis, may involve the same portions of the

upper airway. Tumors may also extend across the laryngotracheal junction, and, in particular, invasive differ-

entiated thyroid carcinomas. Simple circumferential segmental resection of these lesions would fail to preserve

recurrent laryngeal nerve function. However, a single-stage resection and reconstruction of the airway can be

performed with salvage of a functional larynx. Since pathology and its management differ between inflam-

matory stenosis and neoplastic lesions of this region, they are considered separately in this chapter.

Inflammatory Subglottic Stenosis

Combined subglottic laryngeal and upper tracheal stenosis following intubation may result from tissue dam-

age by an endotracheal tube, from cricothyroidostomy, or from a high stoma which was misplaced or erod-

ed superiorly (see Chapter 11, “Postintubation Stenosis”). If the tracheal stenosis abuts the cricoid cartilage

without intralaryngeal extension, circumferential tracheal resection is performed just below the cricoid 

(Figure 25-1A). If, however, there is a small “atrium” or space immediately below the vocal cords, even though

not of normal caliber, a tight stenosis below this level, which begins within the subglottic larynx, may be

treated by the procedures described below (Figures 25-1B,C,D). Procedures for primary reconstruction of the

airway after resection of lesions involving the subglottic larynx and upper trachea, with preservation of

recurrent laryngeal nerves, evolved from work by Conley in 1953, Ogura and colleagues in 1964 and 1971,

and notably by Gerwat and Bryce, and Pearson and colleagues in 1974 and 1975, respectively.1–5 Couraud and

colleagues applied the procedure successfully in 1979, Grillo described a modified operation in 1982 and

1992, and Monnier and colleagues reported successful reconstruction and subsequent growth in children

using such a technique.6–11 These procedures are very different from simple segmental tracheal resection, are

difficult to accomplish, and require meticulous attention to details. The immediately subglottic laryngeal air-

way to which trachea is anastomosed is almost always narrowed, and inflammation or scar is usually present.

Procedures described here are applicable to idiopathic stenosis and, less commonly, to other stenotic lesions
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(see Chapter 14, “Infectious, Inflammatory, Infiltrative, Idiopathic, and Miscellaneous Tracheal Lesions”).

Reconstructive procedures must be applied cautiously in certain diseases of unknown origin, such as Wegener’s

granulomatosis, which may have a progressive course despite surgery.

If the stenosis abuts the vocal cords without any free space in the immediate subglottic larynx

(Figure 25-1E), it is not possible to perform a single-stage operation for correction. One must then

resort to older, multistaged procedures which use the following elements in various combinations:

laryngofissure, excision of scar tissue, placement of skin graft or buccal mucosal graft, insertion of a

A

B

FIGURE 25-1 Spectrum of high tracheal and laryngo-
tracheal stenosis. The precise extent of stenosis, both 
linear and anteroposterior (AP), determines the type of
resection and reconstruction applicable. In these dia-
grams, AP projection is at the left, lateral at the right.
Cricoid and thyroid cartilages are outlined with dotted
lines. The vocal cords and the borders of the subglottic
laryngeal and tracheal airway are demarcated by solid
lines. The extent of the stenosis is shaded. A, High 
tracheal stenosis, in this case anterior, without extension
into the subglottic larynx. Simple circumferential tra-
cheal resection suffices. The proximal line of resection is
at the inferior border of the cricoid. Circumferential
stenosis at this level is identically resected. The trachea is
anastomosed to the cricoid cartilage. B, Anterior stenosis
extending into the lower subglottic larynx, but involving
only the inferior portion of the cricoid cartilage antero-
laterally. The line of resection bevels the anterolateral
cricoid at a point where the lumen becomes acceptable.



stent, anterior or posterior cricoid division, costal cartilage or hyoid bone grafts (pedicled or not).8,12

Such otolaryngological procedures are not within the scope of this discussion.

Otolaryngological consultation should be sought to assess subglottic strictures that involve the lar-

ynx. Complete and accurate assessment of vocal cord function and glottic adequacy must be made preop-

eratively. In addition, it is important to identify and assess the severity of additional lesions that may be pre-

sent, such as posterior commissural interarytenoid stenosis, and to appraise the size and quality of the

subglottic space. If procedures are required to assure glottic competence (eg, vocal cord lateralization,
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FIGURE 25-1 (CONTINUED) C, When subglottic damage
involves the entire extent of the anterior cricoid, this portion of
cricoid arch and lateral laminae must be excised. The distal tra-
chea is tailored to repair the anterior arcuate defect. There is
minimal or no involvement of the posterior cricoid. The mem-
branous wall of the trachea may or may not be damaged. D,
Circumferential stenosis involving the lower subglottic larynx
posteriorly as well as anteriorly. Proximal extent of the stenosis
varies widely and determines the feasibility of single-stage
repair. The anterior portion of the stenosis is excised with the
anterior cricoid arch. The posterior cricoid lamina is preserved
in order to protect the recurrent laryngeal nerves. The internal
ring of scar is excised from the posterior cartilaginous plate. The
distal line of tracheal division fashions an anterior “prow” of
cartilage, but preserves a broad-based flap of posterior mem-
branous wall to resurface the bared posterior cricoid plate.



552 Surgery of the Trachea and Bronchi

arytenoidectomy, lysis of commissural stenosis, rotation of a posterior commissural esophageal mucosal

flap), I prefer to see these accomplished first and be assured of their success before embarking on subglot-

tic resection and reconstruction. Many of these patients already have a tracheostomy, which provides an

airway while any necessary glottic repair is healing. In some cases, glottic procedures and laryngotracheal

reconstruction have been combined. Maddaus and colleagues reported combined repairs, which required

postoperative tracheostomy and splinting with T tubes.13 If the glottic defect is corrected first, then a tra-

cheostomy is most often unnecessary following repair of a subglottic stenosis.

Sufficient space must be present below the cords where the anastomosis may be fashioned, in order

for a single-staged procedure to succeed. A rough rule to follow is that the cross-sectional area of the aper-

ture below the vocal cords in this uppermost segment should be at least half of normal and, further, should

not be excessively inflamed, ulcerated, or granulomatous. If the process involves the glottis or extends unin-

terruptedly to the vocal cords from below, then it is clearly in the province of the otolaryngological surgeon

initially. In every case, patients should be warned that their voice may well be hoarse for a time post-

operatively, and that quality and volume may well always differ from normal.9

Two situations are noted. In the first and simpler case, the stenosis lies in the anterior subglottic lar-

ynx, exemplified by the lesions that occur following erosion into the cricoid by a high stoma or cicatriza-

tion due to cricothyroidostomy (see Figures 25-1B, C). The second and more difficult problem is that of

circumferential stenosis, where the lesion includes the anterior surface of the posterior cricoid plate below

the arytenoid cartilages (see Figure 25-1D). Circular stenosis of this type most often follows circumferen-

tial damage from prolonged endotracheal tube intubation or is seen in idiopathic stenosis.

Intubation for Anesthesia

Many patients will already have a tracheostomy tube in place either in the damaged segment or below it. This

stoma is used for induction and maintenance of anesthesia by placing a flexible endotracheal tube through

it, as described in Chapter 18,“Anesthesia for Tracheal Surgery.” In the absence of a preexisting tracheostomy,

I prefer not to dilate a tightly stenotic laryngeal airway any more than is absolutely necessary, in order to

FIGURE 25-1 (CONTINUED) E, Extreme subglottic steno-
sis that extends circumferentially up to the vocal cords.
No residual “atrium” remains beneath the glottis to
which the distal airway can be satisfactorily anasto-
mosed. Such lesions are treated surgically by laryngo-
fissure, excision of scar, and resurfacing with buccal
mucosa or skin, held with a temporary stent. Tracheal
repair and reconnection usually is best done in a second
procedure.

E



avoid producing sufficient trauma in the larynx to make repair difficult and, also, to contribute to post-

operative laryngeal edema. After minimal dilation, an uncuffed endotracheal tube of small diameter (5.5 or

6 mm ID) is passed to provide safe ventilation in the early phases of dissection. The tightness of stricture

provides a seal for the tube. Tight stenosis is encountered more often with circumferential subglottic steno-

sis than with anterolateral stenosis. Once the trachea is transected below the lesion and a distal airway is

established, the proximal endotracheal tube is withdrawn. In these patients, where repair will be intralaryn-

geal, I prefer to withdraw the translaryngeal tube completely, rather than suture a catheter to it. Even a small

catheter crowds the tiny operative field. An endotracheal tube is replaced later, as described below.

Resection and Reconstruction: Anterior Subglottic Stenosis

Basic dissection is entirely similar to anterior upper tracheal resection (see Chapter 24, “Tracheal Recon-

struction: Anterior Approach and Extended Resection”). Often, little pretracheal mobilization is necessary.

This approach is applicable where the entire extent of the anterior cricoid is involved and, also, where there

may be circumferential damage in the proximal trachea, but where the posterior cricoid plate is not signif-

icantly involved (Figures 25-2A,B). If only the lower border of the anterior cricoid cartilage is involved, then

this technique is not needed. In such a case, a simple segmental resection of the upper tracheal stenosis is

accomplished, additionally bevelling off a portion of the lower margin of the anterior cricoid cartilage (see

Figure 25-1B). If the full vertical length of the anterior cricoid is involved (see Figure 25-1C), then it is

resected. The cricothyroid muscle on either side is elevated sharply with a scalpel, carrying the dissection

sufficiently posterior for division of lateral cricoid laminae. The proximal line of resection encompasses the

anterior arch of the cricoid cartilage, including as much as is necessary of the cricothyroid membrane,

usually more rather than less (see Figures 25-2A,B), thus bringing the resection nearly to the level of the

thyroid cartilage. The resection line bevels laterally through the lateral laminae of the cricoid cartilage,

usually more than halfway to a midlateral line. The balance of the line of resection posteriorly is at the level

of the inferior margin of the cricoid cartilage (see Figures 25-2B,C). The surface of the vocal cords may be

seen just a few millimeters above the anterior inferior midline border of the thyroid cartilage. If there is any

question about the extent of resection of the anterior cricoid arch that will be needed, the initial proximal

line of resection can be made just beneath the cricoid circumferentially. The arcuate excision is then made

under direct vision from below.

The distal line of resection of the lesion is placed below the level of stenosis, just above the first unin-

volved tracheal ring or a ring that has good cartilaginous structure, even if slightly involved by inflammation

or scar. This ring is bevelled backward from a high point in the anterior midline to the lower margin of that

ring posteriorly on either side (see Figures 25-2A–D). The membranous wall is cut straight across. Only one

ring is bevelled in this way, even though the inverted “U” of the superior anterior laryngeal resection line may

seem to be a much sharper angle than that below. This avoids creating a floppy flap of cartilage anteriorly,

which might occur if two rings were so trimmed. As a consequence, the trachea may arch forward slightly in

the subsequent anastomosis. This may provide a better lumen at the anastomotic level.

Initial dissection is similar to that described in the anterior approach to the trachea (see Chapter 24,

“Tracheal Reconstruction: Anterior Approach and Extended Resection”). The upper incisional flap must be

elevated higher on the surface of the thyroid cartilage, usually to the superior notch of the thyroid cartilage.

Dissection of the anterior surface of the airway is superficial to the cricothyroid muscle and cricothyroid

membrane. The thyroid isthmus or its remnant is divided and retracted laterally. The pyramidal lobe of the

thyroid is divided or removed if it lies in the way. It is necessary to detach the often scarred medial attach-

ments of the upper poles of the thyroid gland from the cricothyroid muscle. Dissection is not, however,

carried any further laterally than is necessary to expose the midportion of the lateral laminae of the cricoid

cartilage. Pretracheal dissection down to the carina is often done, but may be omitted in those patients in
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FIGURE 25-2 Anterolateral stenosis involving
the subglottic larynx most often results from
high or erosive tracheostomy or from crico-
thyroidostomy. A, The anterior cricoid arch
and cricothyroid membrane, which overlies
the stenosis, is excised with the stenosis in an
arcuate line. The first intact cartilage below
the stenosis is trimmed in similar contour.
B, Lateral lines of resection. The posterior
plate of the cricoid and its posterior perichon-
drium is preserved. The recurrent inferior
laryngeal nerves (illustrated) are not dissect-
ed, but allowed to fall laterally. Only the infe-
rior rim of the posterior cricoid cartilage is dis-
sected. C, D, Stay sutures (2-0 Vicryl) are
placed laterally in the substance of the
remaining lateral laminae of cricoid, but do
not penetrate the laryngeal mucosa. Corre-
sponding tracheal stay sutures encircle a ring
at least one cartilage distal to the most proxi-
mal complete ring, and do include mucosa.
Cricoid and tracheal stay sutures are located
at corresponding points in the circumference
of the airway. Dotted lines outline vocal
cords. For clarity, surrounding tissues are not
illustrated, but minimal trachea is dissected
circumferentially in order to preserve blood
supply. Often, only a small space is opened in
the lateral attachments of the trachea in order
to place the stay sutures.
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whom only a short length of resection is required. Where a longer segment is to be resected, the surgeon

must remember that nearly a centimeter of trachea will be needed to repair the defect in the anterior larynx,

in addition to the length of trachea resected. Infrequently, a laryngeal release may be required, with its poten-

tial attendant difficulties.

Circumferential dissection is effected just below the lesion in the usual manner and tracheal transec-

tion is performed. The trachea is initially divided transversely, with oblique bevelling of the cartilage done

later. Midlateral traction sutures of 2-0 Vicryl are placed in the distal segment and the distal trachea is then

intubated (see Figures 25-2C, D).

The stenotic segment is grasped laterally with two Allis forceps, as in upper tracheal resection (see 

Figure 24-8A in Chapter 24,“Tracheal Reconstruction: Anterior Approach and Extended Resection”), and the

trachea is carefully dissected cephalad to the inferior margin of the cricoid cartilage laterally and posteriorly.

This dissection must be done painstakingly, adjacent to the specimen. The surgical scissors will be working

within millimeters of the recurrent laryngeal nerves. No attempt should be made to identify or dissect out the

nerves. If the principles of dissection described are rigorously followed, damage to recurrent laryngeal nerves
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FIGURE 25-2 (CONTINUED) E, F, Completed anastomosis. Anastomotic sutures are placed as described in Chapter 24, “Tracheal Reconstruction:
Anterior Approach and Extended Resection,” for tracheotracheal anastomosis. Posteriorly, because of the thickness of the cricoid plate, sutures often
traverse only part of the cartilage’s thickness, but enter the airway lumen through full thickness of mucous membrane. Stay sutures are approximat-
ed first, as described in Chapter 24, “Tracheal Reconstruction: Anterior Approach and Extended Resection.” They are omitted in the illustration for
clarity. Some overriding of the cut edges of lateral cricoid laminae and trachea often occurs. G, The anastomosis is usually covered with reapproxi-
mated thyroid isthmus or strap muscles, which are sutured together over it and to the larynx and trachea above and below the anastomosis. The right
sternohyoid muscle may be sutured to the trachea over the brachiocephalic artery, as shown, for its protection. The site of a potential tracheostomy in
the triangle between the covered anastomosis and the artery will be marked with a single fine suture.
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will be very rare and is usually transient if it should occur. It is important during dissection to palpate fre-

quently and not carry posterior dissection above the lower border of the posterior cricoid plate. Such dissec-

tion could endanger the recurrent laryngeal nerves at their point of entry into the larynx posteriorly.

In commencing the anterior cricoid resection, the cricothyroid muscles are dissected off their attach-

ment to the anterior and lateral cricoid cartilage. The line of resection of the lower larynx commences in

the midline anteriorly, usually just below the thyroid cartilage. It sweeps laterally beneath the border of the

thyroid cartilage, through the cricothyroid membrane obliquely inferiorly and posteriorly, dividing the lat-

eral laminae of the cricoid cartilage (see Figures 25-2C,D). If the lateral laminae of the cricoid cartilage are

severely deformed by the pathological process, the division will be more posterior, closer to the posterior

cricoid plate. Great care is necessary at this point, because of the proximity of the recurrent laryngeal

nerves. The posterior line of division of the larynx is at the inferior margin of the posterior cricoid plate.

Should the proximal airway appear smaller than expected, a small right-angle clamp is inserted into

the residual lower larynx beneath the vocal cords and the tip drawn downward along the anterior wall of

the larynx to discover whether a “shelf” is present. At times, a very small amount of additional excision of

a rim of anterior tissue will very much enlarge the airway, at what will become the anastomotic level. Lat-

eral midline traction sutures (2-0 Vicryl) are placed in the larynx, being certain that these pass through car-

tilage substantially, so that they will not pull out during approximation of the airway (see Figures 25-2C,D).

The sutures usually lie in the residual lateral cricoid laminae just behind the line of their transection, but

they may sometimes be partly in the thyroid cartilage. They do not enter the laryngeal lumen (see Figure

24-9 in Chapter 24, “Tracheal Reconstruction: Anterior Approach and Extended Resection”). In placing

these sutures, it must be noted that the direction of the needle cannot be changed once it enters the carti-

lage. Therefore, the angle of placement must be carefully directed initially.

The distal trachea is tailored next, as previously described, preparing an anterior “prow” of tra-

cheal cartilage, which will be drawn into the laryngeal defect to restore this portion of the airway wall

(see Figures 25-2A–D). In case of a lengthy resection, it may be necessary to accept some slight degree

of scarring or inflammation in the midline of the tracheal ring, which will be shaped for anastomosis,

but its cartilaginous structure must be acceptably intact. Preparation of the trachea for anastomosis is

deferred until after laryngeal division, in order to establish with certainty that a posterior flap of mem-

branous trachea will not be needed to resurface the posterior cricoid plate.

Tentative approximation of the airway (see Chapter 24, “Tracheal Reconstruction: Anterior Approach

and Extended Resection”) demonstrates the degree of tension that will be placed on the anastomosis. The

anastomosis is done with great care, using the basic technique described in Chapter 24, “Tracheal Recon-

struction: Anterior Approach and Extended Resection” and the same 4-0 Vicryl sutures. All sutures are

placed before any are tied. Since both laryngeal and tracheal ends are obliquely divided and disparate in

size, sutures must be placed proportionately, using the midlateral sutures as guide points as well as anteri-

or and posterior midpoints. Since mucosal approximation is sought, sutures may in some cases pass

through a partial thickness of laryngeal cartilage above, but it must always pass through mucosa of the lar-

ynx, into or from the lumen, in order to assure approximation with tracheal mucosa. The purchase on car-

tilage must be secure, however. In the presence of dense scarring or calcification, one or more anterior

“keystone” sutures of heavier Vicryl (usually 3-0 and rarely 2-0) may help the anastomotic approximation.

Dense calcification is dealt with as described in Chapter 24, “Tracheal Reconstruction: Anterior Approach

and Extended Resection,” and may necessitate use of a fine dental drill. In placing the anterior sutures, it

helps to place the midline suture first, halfway between the lateral traction sutures. This makes it easier to

space the remaining anterior sutures proportionally on each side.

After placement of all sutures and prior to final flexion of the neck, a catheter is passed from the oper-

ative field into the pharynx. It is retrieved by the anesthetist, who draws it out through the mouth and sutures



to it an endotracheal tube of a caliber that will pass atraumatically through the smaller than normal airway

(see Figure 24-11 in Chapter 24, “Tracheal Reconstruction: Anterior Approach and Extended Resection”).

This tube is pulled into the field and passed into the distal trachea where it replaces the cross-field tube. The

patient’s neck is placed in flexion, the lateral traction sutures are tied, followed by the anastomotic sutures

(Figures 25-2E,F). Because of the disparity in tissues and, frequently, their rigidity, the anterior sutures are

often best tied by starting first with the most lateral sutures on either side, and then gradually working

toward the center where the greatest tension is. The use of heavier central sutures helps in such cases. The

posterior line of sutures is tied last, with half being tied from one side and half from the other side (see 

Figure 24-15 in Chapter 24, “Tracheal Reconstruction: Anterior Approach and Extended Resection”).

Since some of these patients have, at best, 50% of normal subglottic laryngeal cross-sectional area just

below the vocal cords, and since some intraoperative laryngeal trauma is unavoidable, the possibility of

early postoperative laryngeal edema is real. Initially, I routinely placed a small tracheostomy tube distal to

the anastomosis, but it became clear that few patients required this.9 The anastomosis is covered with tis-

sue to seal it from a potential later tracheostomy. The thyroid isthmus may serve this purpose in some cases.

More often, the strap muscles are sutured together in the midline and to the airway above and below the

anastomosis, sealing it off. Since the trachea is much shortened in many patients, the site of a potential tra-

cheostomy, which should be placed at least two rings below the laryngotracheal anastomosis, might lie dan-

gerously close to the brachiocephalic artery below. The brachiocephalic artery is therefore compart-

mentalized, by suturing the right sternothyroid muscle obliquely across the trachea, placing the sutures just

behind the artery to the tracheal wall. The muscle will conform appropriately without being pedicled. This

leaves a triangle of anterior tracheal wall (Figure 25-2G), which lies below the protected anastomosis and

above the obliquity of the course of the protected brachiocephalic artery. A 4-0 silk suture is placed to mark

the point of election for tracheostomy, should it become necessary later.

The endotracheal tube is removed in the operating room as the patient awakens. If the airway appears

adequate, the patient is returned to the intensive care unit breathing spontaneously. If the patient is stri-

dorous, the glottis is examined directly, using either a rigid laryngoscope (without extending the neck) or

a flexible bronchoscope. The glottis can usually be examined quite satisfactorily without extending the

neck, even by laryngoscopy. If vocal cord paralysis is seen (a rare occurrence unless present preoperatively),

or if laryngeal edema is present, a small bore endotracheal tube, usually uncuffed, is passed, either

nasotracheally or orotracheally. The nasotracheal route is preferable, if it can be done without excessive

extension and traction on the suture line (most easily over a pediatric flexible bronchoscope). Patients are

informed preoperatively of this possibility. The tube is removed 4 or 5 days later in the operating room

under general anesthesia, and if the airway is still not adequate, a small sized tracheostomy tube is inserted

at the premarked site. Tissue planes over the anastomosis and artery are well sealed by this time. The

possibility of damage to either of these critical areas is minimized.

Circumferential Subglottic Stenosis

In these more difficult cases, the stenosis is circumferential and overlies the posterior cricoid plate as well

(Figure 25-3A). The mucosa is involved with inflammation and scar or it has been destroyed. Idiopathic

stenoses are always circumferential, as are most postintubation stenoses from endotracheal tubes as well as

those from certain miscellaneous causes such as Wegener’s disease or trauma.9,14,15 Exposure, dissection,

and initial tracheal division are performed exactly as described for anterolateral subglottic lesions. The

anterior and lateral laryngeal division is also executed in an identical fashion. Most often, the tracheal spec-

imen is initially resected by dividing posteriorly along the lower border of the posterior cricoid plate (see

Figure 25-3A). Alternatively, the specimen remains attached posteriorly, and the final separation of the

stenosis is commenced higher on the posterior cricoid plate, as described below.
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We are left at this point with the anterior cricoid arch (and cricothyroid membrane) removed, the lat-

eral cricoid laminae obliquely divided, and the stenotic distal tracheal segment removed, but with a ring of

posterior shelf-like scar remaining on the anterior surface of the posterior cricoid plate. This stenosis is excised

by making a transverse cut against the posterior plate of the cricoid cartilage inferior to the vocal cords and

arytenoid cartilages, at a level dictated by the stenotic process (Figure 25-3B). The scarred mucosa and ridge

of stenotic scar are excised sharply from the anterior surface of the posterior cricoid plate using a scalpel with

a no. 15 blade or a small Beaver blade, leaving the denuded posterior plate of the cartilage as intact as possi-

ble. There is usually no reason to remove the posterior cricoid plate completely. Removal could endanger the

recurrent nerves. Varying degrees of deformity and destruction of the posterior cartilage will be encountered,

requiring surgical ingenuity. An absolute requirement is preservation of the posterior perichondrium.

The distal trachea is prepared differently from the case of anterior stenosis. The tracheal cartilage ante-

riorly and laterally is trimmed as before, sloping the line of division backward on either side over the width

of only one ring. The membranous wall, however, is formed into a broad-based flap with the superior cor-

ners slightly curved. This full thickness flap of healthy tissue has excellent blood supply (see Figure 25-3B).

The anastomosis is more complicated, as might be expected. The goal is to resurface the bared pos-

terior cricoid plate with the tracheal membranous wall flap, uniting it with the mucosa of the posterior lar-

ynx above (Figures 25-3C,D). The “prow” of cartilage will be sutured into the oblique defect in the anteri-

or and lateral larynx, as previously described. To insure apposition of the membranous tracheal flap to the

posterior plate of larynx, four nonabsorbable 4-0 sutures (usually Tevdek) are first placed from the inferi-

or margin of the posterior cricoid plate to a line that runs across the back of the membranous wall from

the lowest level of the flap on either side (Figures 25-4A,B). Two inner sutures are placed first, neatly divid-

ing the posterior plate of cricoid into thirds. The two lateral sutures are next placed from the lateral corners

of the posterior plate of cartilage to the lateral corners of the tissue just below the origin of the membra-

nous wall flap, close to the cartilaginous junction of the trachea. These sutures do not penetrate the

mucosa. The inner two Tevdek sutures are clipped to the drapes on either side, and the lateral sutures are

clipped to the drapes caudad to the first. Since these are of different material, they are easily distinguishable

from later anastomotic sutures of Vicryl. They will be tied in the same order as described for tracheal

anastomosis, namely, the most lateral sutures will be tied first and the medial ones tied second (see Chap-

ter 24, “Tracheal Reconstruction: Anterior Approach and Extended Resection”).

A series of 4-0 Vicryl mucosal sutures are next placed from the posterior laryngeal mucosa and sub-

mucosa to the membranous wall flap of trachea. These sutures are placed from within the larynx, although

they are passed from the posterior wall of the laryngeal or tracheal mucosa into the lumen, and then from

the lumen through the opposite mucosa to emerge posteriorly (see Figures 25-4B,C). The central suture is

most conveniently placed first, then working laterally to either side. All sutures are clipped serially to the

drapes over the patient’s face. The endotracheal tube in the distal trachea is intermittently removed to facil-

itate placement and tying of sutures.

After placing the necessary number of sutures to anastomose the posterior flap to the mucosa with-

in the larynx, the first of the “standard” anastomotic sutures are placed on either side, moving from poste-

rior to anterior, and pausing at the level of the lateral traction sutures. This usually requires two or three

sutures on each side. Each suture is passed through cartilage of the lateral laminae of cricoid or of the cut

edge of the lateral lamina and edge of laryngeal mucosa above, and thence through the full thickness of

mucosa and cartilage of the trachea below. These sutures are placed from posterior to anterior and tagged

in the usual manner from cephalad (most posterior suture) to caudad (anterior sutures) on the drapes, usu-

ally above the Tevdek fixation sutures, which were initially placed. The next one or two sutures anterior to

the traction sutures are also placed on each side at this time, since it will be more difficult to insert these

after airway approximation.



The inflatable “thyroid bag” beneath the patient’s shoulders is deflated, the neck propped in partial flex-

ion, and the lateral traction sutures are tied to remove tension from the anastomosis about to be commenced.

The four posterior Tevdek sutures are next tied, to fix the membranous flap to the inferior margin of the

cricoid cartilage plate posteriorly. The long ends of each suture are cut after tying. The internal sutures, which

will anastomose the membranous flap to the posterior mucosa of the larynx below the arytenoids, are next

tied with great care, to avoid tearing sutures out of the laryngeal mucosa. The tip of the finger may usually be

inserted easily into the still open anterior larynx to tie these sutures. The endotracheal tube is removed when

each suture is tied. If there is a gap or if one of the sutures should cut out of the mucosa of the larynx, because

of inflammatory changes or excessive tension, another suture may be carefully placed. The integrity of this

suture line is inspected directly before proceeding. Lateral anastomotic sutures posterior to the traction

sutures are tied next. The one or two sutures already placed anterior to the traction sutures are not yet tied.
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FIGURE 25-3 Circumferential stenosis involving subglottic larynx results from endotracheal tube injury, idiopathic stenosis, trauma, and other
causes. A, The initial (dashed) line of inferior laryngeal resection is the same as for anterior stenosis. The line (dashed) of tracheal division is also
the same anterolaterally, but posteriorly, a flap of membranous wall is preserved. If a longer posterior flap is necessary, then the line of cartilage
division may be dropped one ring. The “prow” of tracheal cartilage is limited to one ring, even if the membranous flap is longer, in order to avoid
flaccidity after anastomosis. The dotted lines indicate residual lumen and position of vocal cords. Note the circumferential involvement and extent
of the stenosis over the anterior surface of the posterior cricoid plate. B, Internal view of the resection. Dashed lines show the level of the laryngeal
and tracheal transection. Dotted line indicates the line of resection of the stenotic scar from the anterior surface of the cricoid plate. Irregular, dam-
aged cartilage is also carved away, preserving a stable shell of cartilage with its posterior perichondrium. A posterior flap of membranous tracheal
wall is preserved distally. Its corners are carefully rounded.
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The balance of the anterior anastomotic sutures are placed next (Figure 25-4D). It is helpful to place

an anterior midline suture initially, in order to simplify proportional placement of the lateral anterior

sutures. Also, the midline suture may be of a size 3-0, or even 2-0, in order to facilitate approximation, when

structures are rigid. The central suture often passes through the inferior margin of the thyroid cartilage in

the midline. A catheter is passed upward, as previously described, and an appropriate endotracheal tube is

slipped distally to replace the cross-field tube. The remaining “standard” anastomotic sutures are tied from

lateral to anterior on each side. The order of anastomotic steps is summarized in Table 25-1.

Repair of laryngotracheal lesions is demanding and should not be undertaken until the surgeon has

extensive and successful experience in tracheal resection and reconstruction as well as knowledge of laryn-

geal anatomy. Results justify appropriate application of these methods, despite some variations in tech-

nique (see Chapter 9, “Tracheal and Bronchial Trauma,” Chapter 11, “Postintubation Stenosis,” and Chap-

ter 14, “Infectious, Inflammatory, Infiltrative, Idiopathic, and Miscellaneous Tracheal Lesions”).7,9,11,13

Pearson and colleagues alternatively curetted a groove in the inferior portion of the posterior cricoid plate.5

The distal trachea was transected horizontally and the two cartilaginous ends sutured together, imbricat-

ing the membranous wall. This narrowed opening was fitted into the groove created in the posterior laryn-

geal cartilage. Pearson, together with Maddaus and colleagues, subsequently adopted the posterior flap for

lesions extending far up on the posterior cricoid plate.13 Anastomoses were splinted postoperatively with a

T tube. Their results have been good, as have been those by Couraud and colleagues using the same proce-

dure, including postoperative stenting.7,13 As might be anticipated, however, results for laryngeal anasto-

moses generally do not wholly equal those obtained in the simpler reconstructions for tracheal stenosis.
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FIGURE 25-3 (CONTINUED) C, The larynx and trachea are prepared for anastomosis. The bared inner surface of the cricoid
will be covered by advancement of the posterior tracheal flap. The curved tracheal cartilage will repair the anterior cricoid
gap. D, The reconstituted upper airway. For clarity, only two posterior mucosal sutures are shown. Their knots lie behind the
mucosa. One “fixing” suture is also shown between the outer layer of the base of the membranous wall flap and the inferi-
or margin of the posterior cricoid.
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FIGURE 25-4 Laryngotracheal anastomosis after resection
of circumferential stenosis, which involved the subglottic
larynx. A, The base of the membranous wall flap is fixed to
the inferior margin of the posterior cricoid plate with four
sutures of nonabsorbable 4-0 material (such as Tevdek).
These sutures do not penetrate the mucosa. Vicryl (2-0)
stay sutures have been placed in the cricoid and trachea,
located to correspond to each other when the larynx and
trachea are drawn together. Scar and damaged mucosa
have been excised from the posterior cricoid. The margin of
remaining laryngeal mucosa is visible. B, Detail of suture
placement. (a) Suture fixing base of the posterior flap to
the inferior cricoid margin. (b) Posterior mucosal anasto-
motic suture placed so that the knot will lie beneath the
mucosa when tied.
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Neoplasms Involving the Lower Larynx and the Trachea

When tumors occur at the junction between the lower larynx and the trachea and involve both organs, a

conservative laryngeal sparing approach seems appropriate. Benign neoplasms such as granular cell tumor,

chondroma, and paraganglioma can be effectively removed in conservative fashion, with a portion of lar-

ynx, accepting a narrow margin of normal tissue around the tumor. Some malignant tumors, especially of

limited aggressiveness, may be similarly removed, but patients must be closely followed. Reconstruction

varies uniquely with size and location of the tumor.16

FIGURE 25-4 (CONTINUED) C, Posterior mucosal anastomotic
sutures are placed serially from both sides of the midline up to the
edges of the flap. The first “conventional” anastomotic sutures,
placed as previously described for resection of an anterior stenosis,
are also placed on both sides between the cricoid and cartilaginous
tracheal rings up to one to two sutures anterior to the traction
sutures. D, Lateral traction sutures have been tied, holding the lar-
ynx and trachea in approximation. The four posterior “fixing”
sutures are tied next, followed by the posterior mucosal sutures. The
remainder of the anterior anastomotic sutures are now placed. The
patient is reintubated translaryngeally and the anastomosis com-
pleted, tying the anterior sutures from both sides gradually toward
the anterior midpoint.
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An anteriorly located tumor that involves the cricoid is removed by excision of the anterior subglot-

tic larynx, employing individualized modifications of the technique of laryngotracheal resection

described for resection of benign anterolateral subglottic stenosis (see Figure 25-2). For posterior midline

tumors, a membranous tracheal wall flap is advanced for reconstruction. In some cases, the mucosa and

submucosa overlying the posterior plate of the cricoid alone need to be resected (see Figure 7-14 in 

Chapter 7, “Primary Tracheal Neoplasms”). In others, various amounts and depths of cricoid must be

resected to obtain suitable margins. If the tumor is limited enough to permit a larynx conserving opera-

tion, usually enough posterior cricoid cartilage remains below and between the arytenoids to serve as a

bridge, which preserves laryngeal stability. When a posterior laryngeal resection alone is necessary,

adequate exposure for posterior mucosal anastomosis is obtained by vertical midline division of the

cricoid, essentially a limited laryngofissure (Figure 25-5). An example of excision of a posterior centrally

located tumor is shown in Figures 25-5A–F. The technical steps are explained in the legends.

In other cases with unilateral involvement, an appropriate margin is obtained by resection of portions of

the lower larynx, tailoring the trachea to fit the laryngeal gap created.16,17 A major application of such tailoring

procedures, following partial resection of the lower larynx for the tumor, has been for differentiated carcino-

mas of the thyroid (follicular, papillary, and mixed types).17,18 Undifferentiated thyroid cancer most often, but

not universally, invades too aggressively for conservative surgery to be applied. If any surgical treatment is

applicable in these patients, en bloc resection of larynx and trachea may be required (see Chapter 34,

“Cervicomediastinal Exenteration and Mediastinal Tracheostomy”). For differentiated thyroid cancer, for

benign tumors, or for tumors of lesser malignancy, the objective is to remove the local tumor and prevent air-

way obstruction, while preserving laryngeal function. This is achieved by carefully circumscribing the tumor,
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Table 25-1 Laryngotracheal Anastomosis with Posterior Mucosal Flap:

Order of Anastomosis

1. Place midlateral traction sutures (2-0 Vicryl) deeply in the lamina of the cricoid, above and through the wall

of the trachea below (see Figure 25-4A).

2. Place four fixation sutures (4-0 Tevdek) from the inferior margin of the posterior cricoid plate to the base of

the membranous tracheal flap. Sutures do not penetrate the mucosa (see Figures 25-4A,B).

3. Place anastomotic sutures (4-0 Vicryl) between the posterior mucosa of the larynx (over the upper posterior cricoid

plate) and the membranous wall flap of the trachea. Knots will lie beneath the mucosa (see Figures 24-4B,C).

4. Place anastomotic sutures (4-0 Vicryl) from the lateral lamina of the cricoid and laryngeal mucosa to the full

thickness of the lateral tracheal wall, posterior to the midlateral traction sutures.

5. Place one or two additional anastomotic sutures on both sides, anterior to the 

midlateral traction sutures.

6. Flex the neck as necessary. Tie traction sutures, approximating the airway posteriorly and laterally.

7. Tie Tevdek fixation sutures posteriorly. Cut off excess of each suture as tied.

8. Tie Vicryl posterior mucosal flap anastomotic sutures inside the larynx.

9. Tie lateral anastomotic sutures posterior to the traction sutures.

10. Place anterior anastomotic sutures (4-0 Vicryl, with occasional midanterior 3-0 or 2-0 Vicryl suture, as needed)

(see Figure 25-4D).

11. Advance the endotracheal tube from the larynx into the trachea.

12. Tie all sutures anterior to the lateral traction sutures, working from both sides toward the center. The surgical 

assistant crosses the next suture to assist in the approximation.
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with a sufficient margin of subglottic larynx so that the tumor is locally excised (Figure 25-6). The larynx on

the side opposite from the tumor is transected horizontally beneath the lower border of the remaining cricoid

cartilage, very carefully preserving that recurrent laryngeal nerve. If a recurrent laryngeal nerve must be excised,

it is usually one that has already been paralyzed by tumor invasion or is inseparable from the tumor. Distally,

FIGURE 25-5 Excision of a central posterior tumor involving the subglottic larynx and trachea. A, The trachea is transect-
ed at an appropriate level below the tumor (horizontal dashed line). A midline vertical incision divides the anterior wall of
the subcricoid segment of the trachea and continues up as a limited laryngofissure across the midpoint of the cricoid carti-
lage and the cricothyroid membrane to the thyroid cartilage. Exposure is further improved by dividing the trachea from
beneath the cricoid horizontally on either side (dotted line), working posteriorly toward the tumor. The glottic level is also
indicated. B, Lateral view showing the level of tumor and lines of incision. The recurrent nerves are carefully spared by keep-
ing dissection close to the tracheal wall and not dissecting out the nerves. C, The Alm expandable retractor facilitates ante-
rior exposure through the laryngofissure.
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the trachea is shaped after laryngeal excision, in such fashion that it will mortise into the defect created by the

excision (see Figure 25-6). Suture lines are irregular and unique to each case, and often “bayonet” shaped. On

occasion, a partial or even full thickness of esophageal wall must be resected to obtain a posterior margin (see

Figure 25-6E). Generally, the length of resection is not so great that a problem of anastomotic tension results.
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FIGURE 25-5 (CONTINUED) D, The tumor and posterior subglottic larynx are exposed, permitting resection to continue. The posterior mucosal divi-
sion superior to the tumor is indicated by the dashed line. This will be connected laterally to the line of resection on either side just below the cricoid.
A portion of posterior cricoid cartilage is excised, if involved by tumor. Laryngeal stability will be maintained if a bridge of posterior cricoid remains
above the level of cartilage excision. In order to fashion a posterior membranous tracheal flap for reconstruction of the defect, even if resection
included cartilage, additional tracheal rings are resected, as outlined in the trachea below (dashed line). An estimate of the total number of rings
that will be removed should be made at the outset. Resection of cartilages should be performed conservatively and, if necessary, in stages in order
not to shorten the trachea unnecessarily. The corners of the flap are shaped as needed. E, Reconstruction is commenced by anastomosis of the pos-
terior mucosa and submucosa of the larynx to the posterior tracheal flap. Sutures are placed so that knots will lie submucosally. If a wide expanse
of cartilage of the posterior cricoid plate is exposed below the cut edge of the posterior laryngeal mucosa and submucosa, it is sometimes advisable
to fix the back of the flap to the lower edge of the cartilage, as shown in Figures 25-4A and 25-4B. The balance of the anastomosis will be of tra-
chea (cartilage and mucosa together) to residual anterior and lateral cricoid, with its underlying laryngeal mucosa. F, After placement of all cir-
cumferential anastomotic sutures, the vertical cricothyroid membrane incision is sutured closed. A mattress suture is placed at the junction of the
inverted T suture lines. The anastomosis is then completed. The usual midlateral Vicryl stay sutures (in the lateral cricoid laminae and in the tra-
chea below) are omitted in the drawing for clarity, but are necessary.
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Particular aspects of the technique applicable to resection of laterally located tumors are noted in the legends

for Figure 25-6. Since the tissue beyond the tumor is normal, the difficulty caused by residual inflammatory

thickening and narrowing, which is seen in similar surgery for inflammatory strictures, is not a factor. Repair

following laryngotracheoplasty for tumor is therefore more likely to succeed without danger of a stenosis.

Results of laryngotracheal resections for tumor and for inflammatory lesions are not comparable.

A conservative approach is applicable in a small number of patients with squamous cell carcinoma or

adenoid cystic carcinoma of the uppermost trachea with impingement on the larynx.19 On occasion, a micro-

scopically positive margin is accepted in such cases, just as in the case of an invasive thyroid carcinoma,

in order to save the larynx. Full-dose irradiation follows. In thyroid carcinoma, radioiodine may be indicat-

ed if uptake occurs. Chondroma or low-grade chondrosarcoma, most often arising from the posterior

cricoid plate, may be similarly treated, conserving a functional larynx.16,20 Other patients treated by conser-

vative resection had mucoepidermoid and spindle cell tumors and pseudotumors. These patients must be

followed in the long term for possible recurrence. Laryngotrachiectomy may later be possible for local recur-

rence, despite irradiation received (see Chapter 34, “Cervicomediastinal Exenteration and Mediastinal 

FIGURE 25-6 Lateral laryngotracheal excision for tumor, such as differentiated thyroid carcinoma or low-grade chondrosarcoma. A, Initial tra-
cheal division is made horizontally at an appropriate level below the tumor. The extent of tailoring which is necessary for reconstruction is not
known at the outset. The dashed line represents the final tracheoplasty incision, which is completed later. Transection is made at the level of the
horizontal tracheal incision line closest to the tumor. The dashed line of laryngeal excision above circumscribes the portion of larynx invaded by
tumor. The laryngeal excision is commenced by incising horizontally beneath the cricoid, opposite to the side of tumor, to visualize the edge of the
tumor intralaryngeally. If this does not provide clear visualization, then the tracheal segment, already divided transversely below the tumor, may
be opened vertically up to the uninvolved cricoid, and the extent of the tumor in the larynx can then be observed directly. As the line of excision
advances, the extent of tumor becomes increasingly evident. B, The anterolateral laryngeal defect will be repaired with trachea, fashioned by remov-
ing segments of tracheal rings on the side opposite to the laryngeal excision. Since the circumference of laryngeal defect is likely to be greater in
length, only a lesser segment of trachea is removed, allowing cartilage to spread somewhat. Slight rotation of the trachea prior to anastomosis is per-
missible, further sparing cartilage in order to provide stability. The recurrent nerve has been carefully spared on the uninvolved side. The nerve is
not dissected out. Instead, dissection is kept close to the larynx and trachea on this uninvolved side, with no more exposure of the inferior cricoid
margin than is absolutely necessary. C, Anastomosis is accomplished in the usual way, using 4-0 Vicryl sutures and 2-0 lateral stay sutures.
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Tracheostomy”). Indeed, primary irradiation alone has been elected by some patients, where larynx 

sparing surgery was impossible. The use of the omentum in concert with resectional or reconstructive air-

way surgery is discussed in Chapter 42, “The Omentum in Airway Surgery and Tracheal Reconstruction

after Irradiation.” Patients often prefer to take risks in order to salvage laryngeal function for a considerable

period of time, if not permanently. There is no way to estimate the hazard of metastasis from a residual but

irradiated disease, in the interval.
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Repair of Acquired 
Tracheoesophageal and 
Bronchoesophageal Fistula

Benign Tracheoesophageal Fistula

Malignant Tracheoesophageal Fistula

Bronchoesophageal Fistula

Hermes C. Grillo, MD

The characteristics of tracheoesophageal fistulae and their surgical management differ from benign to

malignant, congenital to acquired, acute to chronic, and cervical to thoracic fistulae, and from those with

or without concurrent tracheal stenosis. These categories are described in Chapter 12, “Acquired Tracheo-

esophageal and Bronchoesophageal Fistula.” Techniques for surgical repair are described here. Congenital

tracheoesophageal fistula is not presented. That problem is primarily esophageal and has been exhaustive-

ly expounded in many textbooks since Haight and Towsley performed the first successful primary anasto-

mosis for congenital atresia and fistula.1

Benign Tracheoesophageal Fistula

Closure of a Fistula with Tracheal Resection

Postintubation tracheoesophageal fistulae usually result from erosive injury by a cuff, which concurrently

causes circumferential tracheal injury (see Chapter 12,“Acquired Tracheoesophageal and Bronchoesophageal

Fistula”) (Figure 26-1). Fistulae very rarely can also result from erosion by the tip of a posteriorly angulated

tracheostomy tube, without circumferential injury. Tracheal injuries, when present, should be corrected at

the same time as closure of the fistula. An attempt to do this in stages demands two difficult operations, the

second compounded by surgical reaction to the first intervention. Furthermore, resection of a tracheal steno-

sis provides incomparable access to an esophageal fistula. If a patient is still on a respirator when the fistula

is discovered, the patient should be weaned prior to repair. Attempts to seal a fistula in a ventilated patient

with muscle flaps or the defunctioned esophagus are likely to fail. Any tube in the esophagus is removed and

ventilation is continued with the lowest cuff pressure that will provide a gentle seal of the trachea. If the cuff

can be placed below the fistula, so much the better. A gastrostomy tube drains the stomach to prevent reflux

and aspiration, and a jejunostomy tube is used for feeding. After weaning from the respirator, single-stage

repair is done. Esophageal diversion by cervical esophagostomy or exclusion is almost never necessary. In the

case of high fistulae close to the cricopharyngeus (as many of these are), diversion is impossible anyway. Elec-
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tive diversion is to be avoided, since it complicates treatment and may be difficult to reverse regardless of

whether the esophagus is transected proximally or exteriorized in continuity.

Anesthesia for repair may be initiated through an existing tracheostomy, which is usually present. The

gastrostomy tube is put on suction. If neither is present, the stomach is aspirated, placed on suction, and

endotracheal intubation is accomplished rapidly. Bronchoscopy and esophagoscopy are performed, if not

previously done by the surgeon, using rigid endoscopes. An endotracheal tube is then positioned, prefer-

ably perorally, so that its cuff seals the fistula during initial dissection. The endotracheal tube must not be

allowed to slip into the esophagus via the fistula. Gastrostomy tube or nasogastric tube suction is contin-

ued to control leakage of gas through the fistula. A nasogastric tube is also useful as a guide for esophageal

dissection. Most postintubation fistulae are high since they result from erosion related to the cuff on a

tracheostomy tube (see Figure 26-1).2 They are approachable, therefore, through a collar incision, and

rarely require even upper sternal division except in the aged and kyphotic patient.

The collar incision usually circumcises the stoma. Initial dissection, as described for anterior tracheal

resection, is kept very close to the trachea at the level of the lesion (see Chapter 24, “Tracheal Reconstruc-

tion: Anterior Approach and Extended Resection”). The recurrent laryngeal nerves will fall away with the

lateral tissues and must not be individually dissected or identified. The trachea is dissected circumferen-

tially, just inferior to the fistula. This plane can usually be established with gentle and persistent dissection

FIGURE 26-1 Postintubation tracheoesophageal fistula. A, Fistula resulting from pressure damage to the trachea by the seal-
ing cuff on a tracheostomy tube used for ventilatory support. a = cricoid cartilage. The stoma (b) lies above the area of cir-
cumferential injury (d) caused by the cuff. The fistula (c) is located posteriorly in this segment. The length of relatively nor-
mal trachea between the stoma and segmental injury varies but is most often short. B, Diagram of the sagittal section of A.
Note the relative levels of stoma and fistula, and also the damage to the cartilaginous tracheal wall at the same level as the
fistula. Due to the gradual and inflammatory nature of the fistulization, the membranous wall of trachea is fused to the
anterior esophageal wall and the margin of the fistula is epithelized.
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despite inflammatory adherence of the posterior wall of the trachea to the esophagus, which may extend

for varying distances below the fistula (Figure 26-2A). Only 1 or 2 cm of trachea that will remain should

be dissected circumferentially. The esophagus does not have to be circumferentially dissected, but it is nec-

essary to free enough esophageal wall lateral to the fistula on both sides so that esophageal closure can be

done in two layers without tension on the suture line. As much dissection as can be accomplished superi-

orly is also performed prior to division of the trachea. Proximity to the cricoid often inhibits posterior

superior dissection at this stage. The thyroid gland is separated from the trachea only to the extent needed

for tracheal resection and excision of fistula. This dissection is described in Chapter 24, “Tracheal Recon-

struction: Anterior Approach and Extended Resection.” The recurrent nerves are not visualized but are dis-

placed laterally, because the plane of dissection is immediately on the trachea and then the esophagus.

The trachea is transected below the distal margin of the stenotic segment. The proximal specimen is

elevated with two laterally placed Allis forceps and dissection continued until the fistulous connection is

completely freed circumferentially, preferably before it is opened into (Figure 26-2B). Occasionally, the

proximal end of the fistula commences immediately below the cricoid cartilage, making it impossible or

unwise to dissect over the top of the fistula until it is incised from below on each side. Otherwise, recurrent

nerve injury could result near their entry points into the larynx posterolaterally. In many cases, a tracheal

stoma is so close to the injured segment of trachea that it is most conveniently included in the resection of

the tracheal segment. If, however, there is a segment of normal trachea between the stoma and the stenotic

segment, the stoma may be left in place to avoid excessively lengthy resection. If the lower border of the 

fistula is coincidental with the lower margin of the tracheal stenosis, the fistula is entered at the point where

it joins the esophagus, and it is excised upward in an elliptical fashion, saving all esophageal wall that is of

good quality (see Figure 26-2B). The trachea is divided above and the excision of the fistula completed.

Postintubation fistulae are sometimes described as “giant” fistulae. They may involve the entire width

of the membranous tracheal wall. A large fistula may also involve the membranous wall to a level consid-

erably below the level of circumferential damage to the cartilaginous wall of trachea. In such a case, it is

often best to preserve normal cartilages rather than extend the tracheal resection to a length that might pro-

duce hazardous anastomotic tension (Figure 26-3A). With a giant fistula, the remaining membranous wall

will be insufficient at the level of the fistula to allow simple closure of the posterior wall of the trachea. The

distal line of excision of the fistula, at the level of the tracheal cartilages that are to be salvaged, is therefore

tailored into the esophagus, “stealing” portions of esophageal wall for reconstruction of a membranous tra-

chea (Figures 26-3B,C). These flaps are dissected very carefully in order not to injure their effectively par-

asitic blood supply from the trachea. The “U” gap in the posterior membranous wall is closed by suturing

the attached segments of esophageal wall vertically together in the midline using 4-0 Vicryl sutures 

(Figures 26-3D–F). The knots are placed posteriorly rather than in the lumen. There is more than adequate

esophageal circumference, so that loss of this tissue will not adversely affect esophageal closure or function

(see Figure 26-3E). It is a mistake to pull the trachea together under tension in an attempt to close a wide

defect in the membranous wall.

The esophagus is closed longitudinally with two layers of 4-0 silk or Vicryl, using the technique of

Sweet.3 The inner layer of sutures is placed so that the knots will lie inside the esophageal lumen (Figure

26-4A). These sutures include only the esophageal mucosa, which is of strong consistency. They are start-

ed from above, then from below, inverting each successive suture. The final suture is placed in the middle

of the esophageal closure and inverted with a Connell suture. The second layer closure of Lembert sutures

includes the esophageal muscularis (Figure 26-4B). Enough esophageal circumference should be dissected

so that closure is without tension, but no more than that.

If the superior margin of the esophageal fistula is close to the lower border of the cricoid, closure may be

difficult. Dissection may be carefully made a few millimeters cephalad behind the posterior plate of the cricoid.
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Posterolateral dissection at this level is inhibited by concern for recurrent laryngeal nerves. This limited dissec-

tion should provide sufficient mobility to commence apical closure. In a single patient with laryngotracheal

stenosis and what appeared to be iatrogenic fistulization through the posterior cricoid plate, closure finally

required elevation of laryngeal mucosa over the plate and removal of some posterior cricoid cartilage to give

access for pharyngoesophageal closure. Strap muscle was interposed and a posterior membranous tracheal wall

flap was anastomosed to the laryngeal mucosa (see Chapter 25, “Laryngotracheal Reconstruction”).

FIGURE 26-2 Resection of tracheoesophageal fistula. Since tracheostomy is usually high in the trachea, the fistula resulting from cuff injury is not far
below and approach is most often by collar incision only. In older patients or where a stoma was placed too low in a young patient, upper sternotomy
may be required. Usually, the collar incision circumcises the stoma in its midpoint. If the stoma is very high, the collar incision is placed low in the
neck (see Figure 23-2 in Chapter 23, “Surgical Approaches”), and the stoma is excised later through a separate short incision, as the upper flap of
skin and platysma are elevated. Dissection of the trachea is initially done as described in Chapter 24, “Tracheal Reconstruction: Anterior Approach
and Extended Resection.” Recurrent laryngeal nerves are not dissected out. A, Circumferential dissection is accomplished just below the stenotic seg-
ment, freeing no more than two intact tracheal rings. Note preserved lateral attachments which carry tracheal blood supply. Proximal circumferen-
tial dissection is also limited if a tracheal segment below the stoma is to be preserved. In this case, the “isthmus” between the stoma and stenosis is
too limited and involved by stomal granulations and inflammation to be useful in reconstruction. The total length of resection when stenosis, stoma,
and residual segment are added together must not prohibit safe reconstruction. If more than one satisfactory cartilaginous ring is present below the
stoma, this segment should be saved. Remember, the surgeon can always remove more trachea later in the operation, so initial resection should be
conservative. Often, circumferential dissection above the fistula is very difficult due to inflammatory adhesion or proximity to cricoid. In such case,
it should be deferred and accomplished later as the fistula is excised and the divided trachea is retracted upward. The esophagus is freed bilaterally
enough to provide for tension-free closure. It is not usually necessary to dissect it circumferentially. If this is required, short segment esophageal mobi-
lization will not injure its blood supply. Note the lateral traction sutures (2-0 Vicryl) placed one or two rings away from the anticipated level of tra-
cheal transection. Proximal sutures may be placed in lateral cricoid laminae, if the stoma is just below the cricoid or has injured it (see Chapter 24,
“Tracheal Reconstruction: Anterior Approach and Extended Resection” and Chapter 25, “Laryngotracheal Reconstruction”). B, The trachea has been
transected and intubated distally. The damaged trachea is elevated by placing Allis forceps on either side (only one is shown for clarity) of the speci-
men. The fistula is circumcised following its margins on either side. This dissection allows easier development of the plane above the fistula between
trachea and intact esophagus. (See text for description of dissection when superior margin of fistula is adjacent to the posterior cricoid lamina.) Resec-
tion is completed by proximal division of trachea (see Figure 12-8 in Chapter 12, “Acquired Tracheoesophageal and Bronchoesophageal Fistula”).
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A sternohyoid muscle or, less commonly, a sternothyroid muscle, is divided high and rotated to pro-

vide a flap over the esophageal suture line, to interpose healthy tissue between esophageal and tracheal

suture lines (Figure 26-4C). As little muscle is dissected free as is needed, in order to protect blood supply.

Even slightly dusky muscle survives. It is sutured with interrupted 4-0 silk or Vicryl around the entire length

of the esophageal closure as if it were an anastomosis. The tracheal anastomosis is next completed as pre-

viously described. If a vertical closure of “membranous wall” of the trachea has been necessary, as shown

in Figure 26-3F, special care is taken at the meeting point of that suture line with the tracheal anastomot-

ic line, using a mattress suture in this case. The gastrostomy and jejunostomy are left in place until healing
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FIGURE 26-3 Preservation of tracheal length where giant fistula extends distal to the level of cartilaginous injury, and where extension of tracheal
resection would increase the prospect of excessive anastomotic tension. A, Here, the distal extremity of a giant fistula is below the level of distal intact
tracheal rings. Since the proximal stoma must also be resected because of proximity to the stenosis, further removal of two distal tracheal rings to
encompass the fistula would result in possibly excessive anastomotic tension. B, Stenotic, severely damaged tracheal segment has been excised, sav-
ing distal anterolateral undamaged trachea despite extension of a giant posterior tracheoesophageal fistula below this level. In order to reconstruct
the membranous wall and so salvage a functional length of trachea, full thickness flaps of esophageal wall are created bilaterally (dashed lines),
extending from the level of tracheal division to the bottom of the membranous wall defect. In the initial dissection, and in raising these flaps, care is
taken not to thin the tissues at the junction of the fistulous margin between trachea and esophagus, since this will be the source of blood supply for
the flaps. A minimal amount of distal dissection opens the plane between intact membranous tracheal wall and esophagus to allow linear closure of
the esophagus. Two-layered closure is done, as shown in Figure 26-4. C, Cross-sectional diagram of membranous wall reconstruction at the level of
the fistula. Flaps of esophageal wall are outlined on each side, with care to preserve blood supply at the junction of esophageal and tracheal walls. D,
Defect repaired by inversion of esophageal wall flaps. The esophageal defect is repaired in its entire length. The slight esophageal narrowing is of no
consequence. E, After layered esophageal closure, the suture line is covered with a flap of strap muscle. F, Esophageal closure has been completed (dot-
ted line) and covered with a sternohyoid muscle flap. The posterior tracheal wall is reconstructed by turning the bilateral esophageal flaps medially,
approximated with interrupted 4-0 Vicryl sutures placed with knots outside the tracheal lumen. The tracheal anastomosis completes the repair, per-
formed as described in Chapter 24, “Tracheal Reconstruction: Anterior Approach and Extended Resection.” A mattress suture (4-0 Vicryl) is used at
the junction point of the circumferential tracheal anastomosis and the vertical suture line of the membranous wall repair.
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has occurred. If these adjunctive tubes are not present, they are inserted at completion of the operation.

This approach has been successfully applied by a number of surgeons.2,4–7

Closure of a Fistula without Tracheal Resection

In the case where there is no tracheal injury except at the site of a fistula to the esophagus, repair does not

require tracheal resection.6 Dissection differs at critical points from that just described. A collar incision

will provide as good exposure as an oblique incision anterior to the sternocleidomastoid muscle and a bet-

ter cosmetic result. The collar approach also facilitates bilateral dissection should this become necessary.

This can be important if prior attempt at closure has been made. A unilateral approach is used initially in

order to minimize the possibility of injury to recurrent laryngeal nerves. If the fistula is midline but low in

the neck, the left side is preferably selected. The left recurrent laryngeal nerve enters the neck lying in the

tracheoesophageal groove rather than crossing the lower neck obliquely to reach the groove, as on the right.

The collar incision is therefore slightly eccentric, with a greater length to the left than to the right. The cuta-

FIGURE 26-4 Esophageal closure. A, Sutures (4-0
silk or Vicryl) mark the proximal and distal limits of
the defect, which will be closed vertically. Mucosal
closure (same sutures) is made with inverting inter-
rupted sutures, placed as shown. As each mucosal
suture is tied, the prior suture is held on slight ten-
sion, thus inverting the mucosa. The excess suture is
then cut, preserving the last suture’s length for suc-
cessive inversion of the next. All knots lie inside the
lumen. Suturing is begun from both ends of the
defect with a final Connell suture placed at the mid-
point. B, A second layer of interrupted Lembert
sutures approximates the esophageal muscle coats. C,
Pedicle of sternohyoid muscle, detached from the
hyoid bone, is sutured over the esophageal closure
(dotted line) with multiple fine interrupted 4-0
sutures placed with the proximity of anastomotic
sutures. Reconstruction is completed with end-to-
end tracheal anastomosis.
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neous and platysmal flaps are elevated above and below to expose the anterior border of the left stern-

ocleidomastoid muscle, thus providing the same exposure as an oblique incision.

Dissection is made in the classic avascular plane medial to the carotid artery and internal jugular vein

until the esophagus is reached. The trachea is not exposed at this point. The esophagus is dissected at the

location of the fistula, working carefully above and below it behind the trachea, with the plane of dissec-

tion on the esophageal wall. The membranous wall of the trachea is exposed above and below the fistula

(Figure 26-5A). The fistula is usually encircled unless scar from a prior failed procedure is too dense. In this

dissection, the recurrent laryngeal nerve remains with the trachea. The nerve is not deliberately identified,

unless required. An alternative is to dissect from the anterior trachea laterally at the level of the fistula and

then to the esophagus, displacing the nerve laterally. The surgeon must have a clear concept of the anatomic

pathway being taken. If dissection must be carried out from the right side, it will be necessary to approach

the fistula from this latter path since the recurrent nerve arrives at the larynx and trachea higher and at a

more acute angle to lie in the tracheoesophageal groove superiorly. Great care must be taken to avoid injury

to the nerve. In this case, it may even be necessary to dissect the nerve with delicacy. The rare anomaly of a

nonrecurrent right laryngeal nerve, which crosses the neck transversely from the vagus nerve, must be kept

in mind (see Figure 12-7 in Chapter 12, “Acquired Tracheoesophageal and Bronchoesophageal Fistula”).

This occurs in patients with an anomalous right subclavian artery arising on the left and passing behind

the esophagus (see Chapter 1, “Anatomy of the Trachea”). Even less often encountered is a nonrecurrent

nerve on the left, which occurs with right aortic arch and an anomalous left subclavian artery. Chest com-

puted tomography scan often alerts the surgeon now to these possibilities. Exposure of these fistulae, even

though they are usually smaller than postintubation fistulae, may be considerably more difficult, since the

trachea is not divided, and there is little space between the trachea and esophagus, especially when the fis-

tula is just below the posterior cricoid.

The fistula is divided at a distance farther from the membranous wall of the trachea to facilitate clo-

sure on that side, where tissue is shorter in supply than on the esophageal side (see Figure 26-5A). If the fis-

tula is of any size, some esophageal wall is included to facilitate closure of the membranous wall of the tra-

chea without tension. After division of the fistula, the esophagus is closed in layers using the technique

described (Figure 26-5B). The tracheal defect is repaired next with 4-0 Vicryl sutures. The trachea is usual-

ly, but not necessarily, sutured longitudinally. A flap of strap muscle is interposed and sutured over the

esophagus to prevent reestablishment of the fistula. If access is difficult, the trachea may be circumferen-

tially dissected above and below the fistula and retracted with tape (see Figure 26-5A). Care must be taken

not to injure the recurrent laryngeal nerves. Bilateral access through a collar incision may make this dis-

section safer in a difficult case.

If a fistula is of large size, segmental tracheal resection becomes advisable, even though the trachea is

not circumferentially damaged. In the case of a larger fistula where limited circumferential tracheal resec-

tion is likely to be desirable, approach should be anterior and dissection directed at first to the trachea, as

described for postintubation tracheoesophageal fistulae with tracheal damage. In this situation, the recur-

rent nerves are allowed to fall laterally and remain undissected.

The approach described is applicable to benign upper tracheoesophageal fistula without extensive

tracheal damage regardless of etiology; that is, foreign body, postoperative, instrumental, post-traumatic,

or a high congenital H-type fistula (see Figure 6-3 in Chapter 6, “Congenital and Acquired Tracheal

Lesions in Children”).

Benign Intrathoracic Fistula

Benign acquired fistula is not often seen in the thorax, but inflammatory diseases, including tuberculosis,

histoplasmosis, and silicosis, produce tracheoesophageal fistulae just above the carina or broncho-
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esophageal fistula (see Figures 12-12, 12-13 in Chapter 12, “Acquired Tracheoesophageal and Broncho-

esophageal Fistula”). If a fistula has been previously approached transthoracically with failure, it is usually

better to reoperate transthoracically. Furthermore, with the diseases listed above, the dense scar that is like-

ly to be encountered is best dealt with by this route, at a distal level through the wide exposure it offers.

Post-traumatic fistula is discussed in Chapter 31, “Repair of Tracheobronchial Trauma.”

Exposure is usually through a right thoracotomy, at the fourth interspace or fifth rib bed. A long, flex-

ible single-lumen tube is placed with endoscopic guidance into the left main bronchus, permitting easier

retraction and manipulation of the trachea and carina than does a double-lumen tube. If left thoracotomy

is performed to deal with a left main bronchial fistula, the tube is positioned in the right main bronchus. A

bronchial blocker may also be useful. High-frequency ventilation is not appropriate for esophageal fistula

repair. The azygos vein is divided and the trachea dissected and retracted above the fistula. The esophagus

is dissected and retracted above and below the fistula and the fistula isolated. The extent of bronchial and

carinal dissection depends upon the unique pathology. The principles of fistula closure were outlined

above, including preservation of sufficient tissue for closure of the membranous tracheal wall and a two-

layer esophageal repair. The trachea is closed with interrupted 4-0 Vicryl sutures. Tracheal resection is

unlikely to be necessary.

FIGURE 26-5 Closure of tracheoesophageal fistula in the absence of a circumferential tracheal lesion. A, A small fistula may
be approached initially laterally at esophageal depth with the trachea drawn anteriorly. The left recurrent nerve can remain
with the trachea, depending on the size and location of the fistula. The thyroid lobe may have to be elevated to provide access.
Alternatively, it may sometimes be preferable to identify the tracheal wall and follow this plane carefully to the esophagus, dis-
placing the undissected nerve laterally. A clear plan of approach is essential. Although tapes are shown encircling the trachea,
circumferential tracheal dissection is not always necessary. The fistula is isolated. In reoperation after prior exploration, a bilat-
eral approach may be preferable. B, Division of the fistula is made close to the esophagus to preserve enough tissue for easy 
closure of the membranous wall of trachea, where there is no excess of tissue. Closure is most often, although not necessarily,
vertical, using interrupted 4-0 Vicryl sutures. The esophagus is repaired longitudinally in two layers, as previously described.
A large posterior fistula is in some instances best managed by short tracheal segmental resection and esophageal closure.
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In these cases, I prefer to elevate a long posteriorly-based intercostal muscle pedicled flap as the

thoracotomy incision is made (see Figure 31-6 in Chapter 31, “Repair of Tracheobronchial Trauma”). The

flap is sutured in linear fashion over the esophageal closure, using multiple 4-0 silk or Vicryl mattress

sutures, placed closely enough so that a complete tissue layer seal is obtained. The muscle will also lie

against the membranous tracheal wall. Additional sutures may be placed from the trachea to the muscle

flap, if thought to be necessary to secure the tracheal closure. In this situation, where the intercostal flap is

used as an onlay buttress, and not circumferentially, it is not necessary to remove the costal periosteum

from the flap. A circumferential wrap of intercostal muscle is avoided, since it can result later in an obstruc-

tive “grommet” of new bone formation from the attached periosteum. If there is any question about the

integrity of the esophageal closure, it is tested by injecting a large volume of methylene blue-colored saline

into the esophagus at the level of repair via a nasogastric tube prior to applying the intercostal muscle flap.

The tracheal closure is tested by applying 30 cm of water ventilatory pressure through the endotracheal

tube, with the cuff transiently deflated, while the hemithorax is filled with saline.

If prior irradiation is a factor, the pedicled omentum is advanced and wrapped around the esopha-

gus and trachea and interposed between them to facilitate healing. The omentum may be prepared through

an upper midline incision. If an omentum is likely to be needed, the patient should be positioned for lat-

eral thoracotomy with hips slightly angled, so that abdominal access is facilitated (see Chapter 42, “The

Omentum in Airway Surgery and Tracheal Reconstruction after Irradiation”).

Malignant Tracheoesophageal Fistula

Acquired tracheoesophageal fistula due to carcinoma of the esophagus, or much less often of lung, usually

predicts brief survival (see Chapter 8, “Secondary Tracheal Neoplasms”). Palliative management with

endoesophageal tubes or coated stents may be indicated. Alternatively, a tracheal or carinal stent may be

helpful, although usually less so. Rarely is operative treatment justified (see Chapter 12, “Acquired Tracheo-

esophageal and Bronchoesophageal Fistula”). A few patients with fistula due to less common lesions such

as adenoid cystic carcinoma, carcinoid, and lymphoma (usually after irradiation) may possibly look for-

ward to prolonged survival. Palliative surgical treatment may selectively be considered for them. The tech-

nique must be individualized. The general principles are 1) to isolate the fistula from the alimentary sys-

tem, and 2) to leave as little esophagus as possible attached to the airway as a “diverticulum,” in order to

minimize mucus production, pooling, and aspiration. An older alternative is to divide the esophagus above

the fistula and drain the distal esophagus by a Roux-Y loop, using the stomach for substernal esophageal

bypass (Kirschner procedure).8 If the colon is used for esophageal bypass, the distal esophagus may be left

to drain into the stomach, but a hazard of reflux into the respiratory tree remains. “Bipolar exclusion” of

the esophagus with a retained distal segment is ill-advised, since pooled secretions will discharge into the

trachea and distal leakage may occur. Jejunostomy for postoperative alimentation is advisable with all of

these procedures. Alimentary tract restoration provides both oral feeding and ability to swallow saliva. Gen-

erally, the fistula and tumor cannot be successfully resected nor the airway reconstructed.9–11

A collar incision plus upper sternal division provides access for dissection of the esophagus under

direct vision down to the area of tumor, followed by esophageal division with precise closure above the

tumor (Figures 26-6A,B). The esophagus is stapled and divided and a reinforcing layer of interrupted fine

sutures inverts the stapled closure. Any excess of proximal esophagus will be removed at the time of enteric

anastomosis. Complete sternotomy adds very little exposure. Laparotomy permits transhiatal resection of

the esophagus below the tumor and fistula, leaving as small a residual pouch of esophagus around the fis-

tula as possible (Figure 26-6C). Transhiatal removal is facilitated by using Pinotti’s maneuver of dividing

the diaphragm from xiphoid to hiatus, which allows dissection under direct vision.12 Gastric or left colonic

mobilization is accomplished as well as omental mobilization to the degree necessary (see Figure 26-6B).
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Esophageal bypass is constructed by cervical anastomosis of the proximal esophagus to a substernally

placed stomach or colonic segment (Figure 26-6D). Blunt dissection of the substernal tunnel is usually not

much impeded by prior mediastinal irradiation. The omentum is tucked into the esophageal bed to avoid

leakage from the often previously irradiated residual esophageal “diverticulum.” The omental pedicle may be

split and one limb brought up anteriorly beside the stomach to reinforce the anastomosis. Obviously, if

stomach is used for enteric reconstruction, the omentum remains attached. If colon is used, the omentum is

pedicled on the mobilized right gastroepiploic artery (see Chapter 42, “The Omentum in Airway Surgery

and Tracheal Reconstruction after Irradiation”). The superior and inferior mediastinum is drained.

FIGURE 26-6 Palliative treatment of malignant
tracheoesophageal fistula by exclusion and esophageal
bypass. The text notes variations of this procedure. It
may be justifiable in a few patients, whose prospects for
longevity are unusually encouraging. A, Collar incision
with upper sternotomy provides access to the upper
esophagus to a point just above the tumor, and later for
esophagogastric anastomosis. Laparotomy allows omen-
tal mobilization, gastric mobilization, pyloromyotomy,
and intrathoracic excision of the lower esophagus up to
the tumor (with additional anterior diaphragmatic inci-
sion). B, Diagram of components of procedure.
Esophageal division above and below the tumor and fis-
tula converts this to a “diverticulum” of the trachea. The
lower esophagus is removed. The stomach is fully mobi-
lized with omentum remaining attached, and both are
nourished by the right gastroepiploic artery. Pyloromy-
otomy or pyloroplasty is necessary. The stomach is
advanced through a substernal tunnel made from above
and below. The omentum is divided into two aprons, one
inserted into the posterior esophageal bed and the other
pedicled into the neck to reinforce the esophagogastric
anastomosis. Cervicomediastinal and lower mediastinal
drains are inserted and jejunostomy added.
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Pyloromyotomy is added because of the necessary bilateral vagectomy. A temporary feeding jejunostomy is

judicious. As the disease progresses, a tracheal or tracheobronchial stent may become necessary later.

Bronchoesophageal Fistula

Benign bronchoesophageal fistula is quite rare.13 Types of congenital fistulae are described in Chapter 12,

“Acquired Tracheoesophageal and Bronchoesophageal Fistula” (see Figures 12-9, 12-10). The fistula is dissect-

ed out via a thoracotomy, and both esophageal and bronchial ends are carefully closed by suture. Even where

there is sufficient pulmonary infection to require a lobectomy, dissection of a congenital fistula is not difficult.

Healthy tissue is sutured over the esophageal closure. A Brewer pericardial fat pad will usually suffice.

Fistula of inflammatory origin, that is, tuberculosis, histoplasmosis, silicosis, instrumentation,

surgery, or trauma, present a somewhat greater technical challenge (see Chapter 12, “Acquired Tracheo-

esophageal and Bronchoesophageal Fistula”). Fibrotic lymph nodes and local scar are encountered. The

principles of management are the same. If the fistula is large, an intercostal muscle pedicle interposition

may be prudent. In recent years, fistulae associated with tuberculosis and fungi have been seen in patients

with acquired immunodeficiency syndrome.
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FIGURE 26-6 (CONTINUED) C, The
tumor and fistula are converted to a neo-
diverticulum of the trachea. Proximal
and distal esophageal ends of the “diver-
ticulum” have been stapled and, if possi-
ble, reinforced with sutures. D, Complet-
ed exclusion of the fistula and anterior
mediastinal bypass. The esophagogastric
anastomosis will be reinforced by the
upper half of the omental pedicle. The
lower omental flap has been tucked into
the mediastinum posteriorly, in the
esophageal bed.

C

D



580 Surgery of the Trachea and Bronchi

References

1. Haight C, Towsley HA. Congenital atresia of the esopha-
gus with tracheoesophageal fistula. Surg Gynecol
Obstet 1943;76:672–88.

2. Grillo HC, Moncure AC, McEnany MT. Repair of inflam-
matory tracheoesophageal fistula. Ann Thorac Surg
1976;22:113–9.

3. Sweet RH. Thoracic surgery. Philadelphia (PA): WB
Saunders; 1950.

4. Couraud L, Bercovici D, Zanotti L, et al. Traitment des
fistules oesophago-trachéales de la réanimation. Ann
Chir Thorac Cardiovasc 1989;43:677–81.

5. Marcelle J, Dartevelle P, Khalife J, et al. Surgical manage-
ment of acquired postintubation tracheoesophageal
fistulas: 27 patients. Eur J Cardiothorac Surg
1989;3:499–503.

6. Mathisen DJ, Grillo HC, Wain JC, et al. Management of
acquired nonmalignant tracheoesophageal fistula.
Ann Thorac Surg 1991;52:759–63.

7. Macchiarini P, Verhoye J-P, Chapelier A, et al. Evaluation

and outcome of different surgical techniques for
postintubation tracheoesophageal fistulas. J Thorac
Cardiovasc Surg 2000;119:268–76.

8. Kirschner MB. Ein neues Verfahren der Oesophagoplas-
tik. Arch Klin Chir 1920;114:606–63.

9. Duranceau A, Jamieson GG. Malignant tracheo-
esophageal fistula. Ann Thorac Surg 1984;37:346–54.

10. Burt M, Diehl W, Martini N, et al. Malignant esophageo-
respiratory fistula: management options and survival.
Ann Thorac Surg 1991;52:1222–9.

11. Couraud L, Ballester MJ, Delaisement C. Acquired
tracheoesophageal fistula and its management. Semin
Thorac Cardiovasc Surg 1996;8:392–9.

12. Pinotti HW. Acesso extrapleural ao esôfago por frenola-
parotomia. Rev Assoc Med Bras 1976;22: 57–60.

13. Mangi AA, Gaissert HA, Wright CD, et al. Benign bron-
cho-esophageal fistula in the adult. Ann Thorac Surg
2002;73:911–5.



C H A P T E R  T W E N T Y- S E V E N

Repair of Tracheobrachiocephalic
Artery Fistula

Post-Tracheostomy Fistula

Postoperative Fistula

Hermes C. Grillo, MD

Fistula between the trachea and the innominate or brachiocephalic artery is a rare but potentially lethal

lesion. It may result from tracheostomy used for ventilatory support and, also, as a complication of tracheal

reconstruction. Tracheal stents may also erode into the artery. External traumatic injuries are basically vas-

cular problems and are not presented here. Improved technique for tracheostomy, proper use of large-

volume, low-pressure cuffs, and correct conduct of anterior tracheal reconstruction have markedly lessened

the occurrence of fistulae between the trachea and brachiocephalic artery.

Post-Tracheostomy Fistula

The two types of tracheoarterial fistula following tracheostomy and ventilation are 1) those due to erosion

by the tracheostomy tube itself, and 2) those due to erosion by the tracheostomy tube cuff or tip (Figures

27-1A,B). These are described in Chapter 13, “Tracheal Fistula to Brachiocephalic Artery.” It is important

that the two lesions be kept clearly in mind, since both emergent and definitive treatments differ.1,2

Erosion by Tracheostomy Tube 

In the event of a massive hemorrhage from erosion of the brachiocephalic artery by an adjacent tracheo-

stomy tube (Figure 27-2), control is obtained by firm finger compression downward at the site of bleeding

and forward against the sternum (Figure 27-2A). An endotracheal tube is slipped into the trachea via the

stoma, and the cuff is firmly inflated to minimize blood running into the tracheobronchial tree. The sur-

geon’s finger or that of an assistant is held in place while the patient is expeditiously moved to the operat-

ing room, since cuff inflation alone may not control hemorrhage in this location. Exposure is best obtained

through a collar incision at the level of the stoma plus a vertical sternotomy. Complete sternotomy at the

outset will usually facilitate exposure and dissection under emergency circumstances (Figure 27-3A). Since

sternal infection is a hazard, partial sternotomy through the manubrium angled into the third right inter-

space has been recommended.3 The upper abdomen is included in the potential operative field, in case an
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FIGURE 27-1 Etiology of a fistula
between the trachea and brachio-
cephalic artery. Oblique views. A, Ero-
sion of the artery, lying adjacent to a
tracheal stoma, by the tube resting
against the artery. The stoma has been
made lower in the trachea than ordi-
narily. In younger patients, both the
trachea and the artery rise into the
neck with cervical extension. B, Fistula
caused by tracheoarterial erosion by a
high-pressure tracheostomy tube cuff
or by an angulated tube tip. In this
case, tracheostomy lies in the conven-
tional site (second or third ring).

FIGURE 27-2 Emergent control of a
hemorrhage. A, When the hemor-
rhage is from direct erosion by the
side of a tracheostomy tube, the
bleeding point is at the lower margin
of the stoma. Digital pressure on this
spot, pressing down and also forward
toward the sternum, provides control.
Inflation of the cuff alone is unlikely
to check bleeding, although it will
help to keep the distal airway free of
blood. Digital pressure must be
maintained into the operating room.
B, Where the fistula is the result of ero-
sion through the trachea by a cuff or
tube, an endotracheal tube with the
cuff located at the site of the fistula
and hyperinflated will tamponade
the hemorrhage.
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omental pedicle is desirable. Control of the hemorrhage is maintained with digital pressure during the ini-

tial dissection. Proximal dissection of the brachiocephalic artery should be done with the greatest of care

and patience, since there may be only a very short segment of uninvolved artery between the aortic arch

and the fistula. If the left carotid artery arises from the aorta as a common trunk with the brachiocephalic

artery, care must be taken to clamp and divide the brachiocephalic artery distal to the carotid origin. Dis-

tal arterial control is usually obtained just proximal to the bifurcation of the brachiocephalic artery into the

right carotid and subclavian arteries. In the rare case where both carotids arise from a single trunk from the

aorta, a carotid reconstruction is mandatory (see Chapter 1, “Anatomy of the Trachea”). The left brachio-

cephalic vein may be divided to enlarge the exposure, if retraction is not enough. This possibility negates

placement of a central venous line on the left preoperatively. Erosion into the artery is usually of sufficient

size and with enough adjacent damage so that primary repair of the artery is unwise and resection is elect-

ed (Figure 27-3B). Placement of a graft in this contaminated and potentially infected field seems unwise,

although it has been done successfully. A graft can be placed from low on the aortic arch, passing to the

right side of the field, if restoration is essential. If this is too close to the contaminated area, then a crossing

graft can be placed from the left subclavian artery, above the area of the fistula.

Neurologic sequelae due to division of the innominate artery, in contrast to division of the common

carotid artery, are extremely rare.4 Elective division of the brachiocephalic artery during mediastinal exen-

teration under controlled circumstances has proved safe.5 Our preferred method of management is to

resect the damaged artery and oversew both ends with double layers of fine vascular suture material 

(Figure 27-3C). Both arterial stumps are buried in substantial healthy tissue, using either thymus or strap

muscle as available. Simple double ligation of the artery, even with division, is dangerous, since later 

erosion of these large ligatures may occur with secondary hemorrhage. If an arterial graft is used, then it is

probably wise to advance an omental pedicle substernally to protect the graft.

Tracheal resection is usually unnecessary if the trachea is otherwise normal, since the erosion occurs

at the stomal margin. A new stoma is made proximally at an appropriate level (second or third tracheal

rings), since the patient usually still requires ventilation (see Figure 27-3C). A tube that is long enough to

pass beyond the previous stoma is placed. It may be necessary to fashion a tube using an endotracheal tube

with a large-volume cuff and a movable tracheostomy flange to obtain sufficient length. The margins of the

old stoma are debrided conservatively and the stoma closed with pedicled or medialized strap muscle. If for

any reason there is concern about placing a new tracheostomy tube, then the patient may be managed with

an endotracheal tube for a time. If needed, a second tracheostomy may be established later, when the oper-

ative field is well sealed. In this case, the site for the possible later tracheostomy insertion should be marked

with a single silk suture on the tracheal wall.

Erosion from Tracheostomy Tube Cuff

Erosion of the anterior tracheal wall overlying the brachiocephalic artery, either due to necrosis from a high-

pressure cuff or ulceration by an angulated tip of a tracheostomy tube, is now rarely seen (see Figure 27-1B).

In these cases, the stoma is usually at a more nearly correct level, high in the trachea. In emergency, it is not

possible or advisable to expose the fistula by finger dissection or by cutting down to it in order to place a tam-

ponading finger on the artery, since the fistula usually occurs 1 to 4 weeks after tracheostomy. The pathology

lies entirely within the mediastinum and not at the stomal level. This is also the case in stent induced hemor-

rhage. Bleeding is controlled initially by overinflating the tracheostomy cuff and then by inserting an endo-

tracheal tube and inflating the cuff with high pressure to tamponade the fistula (see Figure 27-2B).

Exposure is obtained as described previously. If the lesion has resulted from erosion by a high-

pressure cuff, then there is usually circumferential damage to the trachea at the cuff level (Figure 27-4A).

Control of the artery is achieved as previously described and the damaged segment of artery is excised.
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FIGURE 27-3 Surgical management of erosion by tube at the
stoma. A, Incision for exploration includes collar incision and
sternotomy. Sternotomy should either be complete, as shown, or
angle into the right third interspace. Either will provide the neces-
sary exposure for arterial control. B, If a tube is still present in the
stoma, it is replaced by an oral endotracheal tube. The artery is
carefully dissected proximal and distal to the lesion and controlled
with tourniquets or vascular clamps. Only then is the injured seg-
ment dissected from the trachea and stomal margin. The damage
is resected. If ventilation will be needed postoperatively, then a new
stoma is made proximally (dashed line) or an endotracheal tube
is used. C, The proximal and distal arterial stumps are sutured
closed. The arterial ends are carefully covered with well vascular-
ized tissue, such as strap muscle or thymic lobes. If there is no other
tracheal injury, the offending stoma is debrided and closed with a
pedicled sternohyoid muscle flap. In this drawing, a new stoma has
been placed at a conventional site. The cuff will preferably not rest
directly against the old stomal closure.
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Here, however, the circumferentially damaged segment of the trachea is also excised (Figure 27-4B).

Healthy tissue is placed over the sutured arterial stumps and the tracheal suture line. If the patient is still

on a ventilator, as is likely, the tube cuff for continued ventilation should be positioned either well above

or, more likely, well below the anastomotic line, in order to avoid either pressure or inflammation at the

level of the tracheal anastomosis. Muscle is pedicled over the tracheal anastomosis to seal it from the tra-

cheostomy. If necessary, the stoma may be sealed with a pedicled strap muscle, and an endotracheal tube

employed with proper positioning of the cuff remote from the anastomosis. Tube position is checked bron-

choscopically.

Postoperative Fistula

Prevention of postoperative hemorrhage from the innominate artery following tracheal resection and

reconstruction has been discussed in Chapter 13, “Tracheal Fistula to Brachiocephalic Artery.” Should a
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FIGURE 27-4 Surgical management of a fistula due to tracheal cuff injury. Exposure is the same as previously described. A, Arterial control is
obtained, the artery divided above and below the fistula, and proximal and distal stumps sutured closed. The circumferentially damaged segment
of trachea is dissected and excised along with the damaged vessel. B, End-to-end anastomosis of the trachea is completed. Arterial stumps are
buried in healthy tissues, and tissues are arranged to fill dead space. The prior stoma remains available for the ventilating tube, if necessary. The
cuff must not be placed in direct contact with the suture line.
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hemorrhage occur after tracheal resection and reconstruction by the anterior approach, then an endo-

tracheal tube with the cuff tightly inflated is used to occlude the fistula. Exposure must be obtained

promptly as described, and control established. In most cases, the damaged artery is best resected and man-

aged as advised earlier. In a rare case, a tiny fistula due to erosion by an adjacent suture may be cleanly

debrided and the artery closed with vascular suture material. If this is to be done, the artery must other-

wise be in excellent condition and, following arteriorrhaphy, a second layer buttress with a pedicled strap

muscle is advisable. This not only helps to buttress the repaired artery but it also interposes healthy mus-

cle between the site of arterial injury and the site of repair of the tracheal anastomosis. Any defect in the

anastomosis must also be primarily repaired. The muscle flap also serves to seal this repair.

Even more disastrous, and likely to be promptly fatal, is a late hemorrhage from an artery that has

been exposed after separation of a tracheal anastomosis, with placement of a tracheostomy tube or a T tube.

If possible, the injured arterial segment is excised, and the sutured stumps are protected by flaps of healthy

tissue. This situation may well present an indication for use of pedicled omentum. Most anastomotic sep-

arations are due either to devascularization or excessive tension. Further tracheal repair may not be possi-

ble. The airway may be managed initially by a properly positioned endotracheal tube that spans the defect,

since ventilatory support will likely be needed. Later, the airway is maintained with an extra-long T tube.

Hemorrhage from erosion into the adjacent brachiocephalic artery, at the margin of a mediastinal

tracheostomy, requires excision of the injured segment of artery. It seems unwise to attempt to reconstruct

the artery in this essentially septic circumstance. A pedicled omentum will be useful. Such surgical cata-

strophes have been largely eliminated by the precautions described in Chapter 13, “Tracheal Fistula to 

Brachiocephalic Artery.”5
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Reconstruction of the Lower Trachea
(Transthoracic) and Procedures for
Extended Resection

Transthoracic Tracheal Resection

Alternative Approaches

Extended Resection of Lower Trachea

Other Techniques

Hermes C. Grillo, MD

In describing the anterior approach to the trachea (Chapter 24, “Tracheal Reconstruction: Anterior

Approach and Extended Resection”), I noted that the majority of benign strictures of the trachea at any level

can be resected through a cervicomediastinal incision, using only partial division of the sternum and work-

ing behind the great vessels. Midtracheal tumors that are largely intraluminal, especially if benign or with-

out esophageal or mediastinal invasion and not of extended length, may be dealt with similarly by that

approach. For tumors of the lower third of the trachea where it is advisable to dissect a wider lateral mar-

gin, where a greater extent of trachea may have to be resected, or where hilar mobilization may be required,

I prefer a transthoracic approach. This is described in detail in the first part of this chapter. An additional

section expands upon the use of alternative approaches to the lower trachea, including median sternotomy

and cervicomediastinothoracic or “trapdoor” incision, indicating their applications and limitations. Basic

incisions for these approaches are described in Chapter 23, “Surgical Approaches.”

Transthoracic Tracheal Resection

Incision

Right posterolateral thoracotomy in the fourth interspace or through the bed of the resected fifth rib pro-

vides wide access to the lower two-thirds of the trachea, the carina, the right hilum, and the esophagus (see

Figure 23-8 in Chapter 23, “Surgical Approaches”). Options for this incision can be broadened if the right

arm is kept free of arterial or venous lines and is prepared and draped into the field so that it may be swung

backward and forward. The anterior chest wall, which may include the neck, can thus also be prepared and

draped. However, since we learned that laryngeal release does not transmit relaxation for lower tracheal

reconstruction, this is now rarely done.

Intubation

The endotracheal tube preferred in this approach is an extra-long one, initially devised by Dr. Roger 

Wilson (see Figure 24-1 in Chapter 24, “Tracheal Reconstruction: Anterior Approach and Extended 
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Resection”). It consists of a flexible armored endotracheal tube, with its adaptor removed, connected by a

short length of metal tubing to a proximal generous segment of Rusch tube or other endotracheal tube. The

thin metal sleeve avoids significant reduction of the lumen. Dr. Paul Alfille describes a similar alternative

tube (see Chapter 18, “Anesthesia for Tracheal Surgery”). The length of the tube is such that it easily reach-

es from the mouth into the left main bronchus. The flexible portion conforms to angulation of the

bronchus. The tube diameter is selected in accord with the size of the bronchus. An extension to the

sidearm attached to the cuff facilitates inflation and deflation. Double-lumen tubes are cumbersome and

interfere with this type of surgery. The endotracheal tube may be placed in the left main bronchus with the

aid of a flexible bronchoscope prior to thoracotomy, to facilitate collapse of the right lung. Because of its

flexibility, the tube may slip out of the left main bronchus when the patient is positioned laterally; there-

fore, the tube position should be rechecked bronchoscopically just prior to thoracotomy. A flexible pedi-

atric bronchoscope should be available since the tube may not accept an adult bronchoscope. Should it

seem impossible to place the tube in the left main bronchus, initial intrathoracic dissection may be carried

out with gentle compression of the right lung. The tube can then be coaxed into the left main bronchus

while a finger compresses the membranous wall of the right main bronchus.

Mediastinoscopy 

Mediastinoscopy is not necessary for benign tumors or tumors of low malignancy. The pretracheal plane can

be adequately freed to the neck by intrathoracic blunt dissection. Mediastinoscopy is also not routinely nec-

essary or advantageous for all malignant tumors, since the finding of paratracheal nodal metastases will not

preclude resection of a tracheal tumor. In the case of a tracheal tumor, mediastinal nodes may be considered

as N1 nodes. A principal value of mediastinoscopy is in additional assessment of a neoplasm of questionable

resectability. Mural involvement and invasion of mediastinal structures may often be better determined in

this way than by imaging alone. If question remains, thoracotomy is the final mode of evaluation.

Dissection

After assessment of the extent of tumor by palpation and inspection of the trachea, lung, pleura, and lymph

nodes, the pleura is opened over the trachea (Figure 28-1). The pleura is included in the specimen if adher-

ent to tumor. The azygos vein is doubly ligated and divided. An adherent segment of vein is left attached to

tumor. The trachea is dissected circumferentially below the tumor if there is room, and sometimes above

it, although the upper portion of the tracheal dissection may be deferred until the trachea is divided below

the tumor. Completion of as much peritracheal dissection as can be accomplished with ease prior to tra-

cheal division simplifies the operation. The pretracheal avascular plane of the proximal uninvolved trachea

is bluntly dissected from below, well into the neck, to facilitate tracheal devolution into the thorax, if this

has not already been effected by prior mediastinoscopy. If it is clear that hilar mobilization and intraperi-

cardial release will be needed, these are more conveniently completed prior to dividing the airway. These

techniques are described later.

Resection and Reconstruction

In preparation for distal tracheal transection, lateral traction sutures (2-0 Vicryl) are bilaterally placed, ver-

tically in the midlateral tracheal wall, about one ring below the anticipated level of division (Figure 28-2).

The sutures pass into the lumen and surround one ring. If a smaller bite of tissue is taken, the suture may

subsequently tear out as traction is applied. The endotracheal tube cuff is deflated transiently while plac-

ing the sutures. The endotracheal tube is next withdrawn to a point above the lesion. The trachea is opened

transversely, usually in an annulus on the side of the trachea away from the tumor base. A nerve hook is

useful to expose the lumen through the partial transection, to see whether the level is distant enough from



tumor. If not, the level is moved distally, replacing the traction sutures, if necessary. If the transection is to

be close to the carina, lateral traction sutures are placed in the midlateral proximal walls of the right and

left main bronchi.

The transected trachea is intubated across the operative field with a flexible armored tube. Usually, the

tube is advanced into the left main bronchus to collapse the right lung, to provide optimal exposure during

the remainder of dissection and anastomosis. Oxygen saturation is monitored throughout, and if saturation

falls, the right pulmonary artery may be gently clamped to eliminate the shunt through the collapsed right

lung. This is very rarely needed. The tube is held in place either by arranging the lateral traction sutures

appropriately over the tube or by having a second assistant hold these sutures in one hand while steadying
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FIGURE 28-1 Exposure of the mid and lower trachea via right thoracotomy. A standard posterolateral incision is used. The pleura is incised over
the lateral tracheal wall from the apex of the hemithorax to a point below the carina. The azygos is doubly ligated and divided. A segment of vein
may be left attached to a tumor that seems to involve it. The phrenic nerve lies on the superior vena cava, which is contiguous with the trachea
anteriorly. The esophagus is contiguous posteriorly. The extent of dissection is determined by the location and extent of the lesion. Some right lat-
eral tracheoesophageal arterial branches are divided as trachea is dissected free. The right vagus nerve travels distally obliquely over the trachea to
assume a paraesophageal course below the carina. Numerous branches are encountered to the trachea, carina, and esophagus (and to the cardiac
plexus). Bronchial arteries, lymphatics, and lymph nodes are encountered at the carina. The superior bronchial artery crosses the esophagus to reach
the carina and right main bronchus. Paratracheal lymph nodes and those at the right tracheobronchial angle are not shown, for clarity. The apical
segmental ramus of the principal upper lobe arterial trunk is adjacent to the upper lobe bronchus. The left main bronchus is easily accessible in this
exposure. The arch of aorta arcs over the left main bronchus, and the left recurrent laryngeal nerve loops up beneath the arch in just this location
to assume a course in the groove between the left posterior tracheal wall and esophagus. The right recurrent nerve branches from the right vagus
nerve high in the thorax to travel beneath the subclavian artery. The right vagus nerve is often divided to provide improved surgical access and to
facilitate later tracheal reapproximation. LMB, RMB = left, right main bronchus; SVC = superior vena cava.
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the tube with long forceps. Since the endotracheal tube and connecting anesthesia tubing lie at a margin of

the incision, they do not interfere with dissection. A tube may be sutured into place or inserted via broncho-

tomy, but I prefer not to further injure the trachea or bronchus. Also, moving the endotracheal tube about,

as dissection and reconstruction proceed, is helpful. High-frequency ventilation may be used with a catheter

placed in the left main bronchus, or, if insufficient, with a bifid catheter into the right and left sides. With

high-frequency ventilation, the right lung is not fully inflated and so it hardly impedes the surgical progress.

The technique is a bit noisy, blows blood about, and, by itself, occasionally does not maintain satisfactory

oxygenation. Since the method has not shown enough advantages, and because of our wholly satisfactory

experience with cross-table ventilation, we use high-frequency systems only occasionally for augmentation

or for special problems of carinal reconstruction, rather than by preference.

Division of the trachea distal to the tumor allows the specimen to be elevated, using Allis forceps,

facilitating completion of dissection. Care must be taken not to injure the left recurrent laryngeal nerve as

it lies on the aortic arch just beyond the left posterolateral tracheal wall. If a portion of esophageal wall is

resected, repair of that structure is done as soon as the tracheal specimen is removed. Midlateral traction

sutures are placed in the upper tracheal segment just prior to proximal division. After removal of tumor,

FIGURE 28-2 Resection of a tumor low in the trachea. The trachea has been divided distal to the tumor. Since it lies close
to the carina, intubation across the operative field distally was made into the left main bronchus. This also collapses the right
lung to give the best exposure. For this reason, the endotracheal tube is preferably placed in the bronchus rather than distal
trachea, even if a greater length of distal trachea is available. The endotracheal tube is intermittently removed to simplify
surgical maneuvers. A thin sliver of distal tracheal margin is taken for histologic frozen sections. To eliminate any possible
question about the significance of positive findings, the specimen is preferably excised from the margin of trachea that is to
remain. The part of the ring specimen that lies closest to tumor is marked with a fine suture.



horizontal slivers of tissue from proximal and distal ends of the remaining trachea, taken from the side clos-

est to the tumor, are sampled for frozen sections (see Figure 28-2). If positive margins indicate the need for

further resection, the surgeon must carefully judge the limit of tension to be accepted as being safe for the

anastomosis. On occasion, a microscopically positive margin must be accepted as preferable to risking

anastomotic dehiscence. Judgment of ease of approximation may be made by having the anesthesiologist

flex the patient’s neck (remembering the patient’s orientation in the lateral thoracotomy position), while

the surgeon and the surgeon’s assistant each draw together the lateral traction sutures in proximal and dis-

tal tracheal segments on both sides of the trachea. It may be easily forgotten that cervical flexion (chin

toward sternum) devolves the trachea into the mediastinum, even in the lateral thoracotomy position. If

tension for approximation seems excessive, intrapericardial release may then be added, if not already per-

formed. Limited blunt dissection over the anterior surface of the left main bronchus may also be helpful.

The blood supply of the bronchi and carina must be respected (see Chapter 1, “Anatomy of the Trachea”).

With tumors that are seen bronchoscopically to lie just above the carina, the surgeon must be prepared for

the possibility that frozen sections will impel the need for carinal resection and reconstruction, a procedure

of considerably greater complexity.

Reconstruction is performed in a manner almost identical to that described for the upper trachea (see

Chapter 24, “Tracheal Reconstruction: Anterior Approach and Extended Resection”). For anastomosis in

adults, 4-0 coated Vicryl sutures are used, 5-0 in infants. I place all anastomotic sutures before tying any. The

first suture placed, however, is the most “posterior” with respect to the operative field. Thus, in right thoraco-

tomy, the suture actually lies in the left lateral tracheal wall, usually just anterior to the level of the left-sided

lateral traction suture. The true anterolateral sutures (cartilaginous wall) are placed first, progressing anteri-

orly from that initial suture in the lateral wall (Figure 28-3). The sutures are clipped to the drapes on the

anterior portion of the incision, almost as described for upper tracheal reconstruction, but instead ranging

from caudad for the most “posterior” suture to cephalad for the last true anterior wall suture (cartilaginous

wall), just in front of the right lateral wall traction suture. This reversal simply allows the successive sutures

to be placed and to lie more easily. The surgeon’s assistant exposes the trachea for placement of each succes-

sive suture, holding the previously placed sutures out of the way with the nerve hook. Tension on the trac-
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FIGURE 28-3 Order of suture placement for intrathoracic
tracheal anastomosis. The diagram represents the proximal
end of the divided trachea. The distal end is a mirror image.
The heavy lines indicate lateral traction sutures, with the
right side of trachea upper and the left side lower (located
deepest in the wound). Anterolateral sutures are placed first,
beginning anterior to the left-sided traction suture and pro-
gressing as shown. After all these sutures have been placed up
to the right-sided traction sutures, the posterior sutures are
placed similarly, from the deepest to the most superficial.
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tion sutures may help exposure. The process is now repeated for the “posterior” sutures, commencing just

behind the left lateral traction suture (the deepest part of the wound) and progressing across the membra-

nous tracheal wall to that part of the right lateral cartilaginous wall behind the right-sided traction suture.

These sutures are clipped in order to the drapes at the posterior portion of the incision.

The cross-table endotracheal tube may be removed intermittently during placement of sutures. After

all sutures are in place, the tracheobronchial tree is suctioned thoroughly and the long endotracheal tube

re-advanced from above into the left main bronchus. The patient’s neck is flexed and held in position by

the anesthesiologist’s assistant, propping it in position with folded blankets or pillows. Extreme flexion is

always to be avoided and certainly not maintained after anastomosis is completed. The surgeon and assis-

tant each simultaneously draw together the lateral traction sutures on their respective sides of the trachea

until the ends of the trachea are in contact. This is accomplished by throwing the first two loops of a sur-

geon’s knot (with the double strands) and pulling the ends together, taking care not to lock the suture

against either end of the trachea. The traction sutures are tied, one set at a time, while the other set is held

firmly approximated. They are tied as double strands. Their bulk has not led to complications, although the

sutures pass around a ring and through the tracheal lumen. Left in place, these sutures lessen tension on

the anastomosis, not only during its completion but during early healing as well. The ends of the tied trac-

tion sutures are held with clamps until the anastomosis is completed, tested, and tissue for second-layer clo-

sure has been drawn beneath the anastomosis. They remain useful for slight rotation and elevation of the

trachea up to that point. As in the anastomosis of the upper trachea, the sutures are tied in reverse order of

their placement; namely, from the most superficial to the most posterior (or deepest), with respect to the

incision. Excess suture material is cut after each knot is tied.

A second layer of tissue is routinely placed over all intrathoracic anastomoses, not only to assist in seal-

ing the anastomosis but also to interpose tissue between the suture line and major vessels, which often lie adja-

cent to the anastomosis. I believe that this provides protection against bronchovascular fistula, a potentially

lethal complication. For this purpose, I prefer a pedicled pericardial fat pad. If this is not anatomically avail-

able, a pedicled pleural flap is used. Brewer and Bai popularized the use of the pericardial fat pad to buttress

bronchial closures, pedicling it on the usually prominent middle pericardial branch of the internal thoracic

artery (Figure 28-4A).1 If needed, greater length may be obtained by pedicling the pad superiorly on a branch

of pericardiacophrenic artery, elevating just enough length to obtain the needed circumferential wrap. Exces-

sive dissection risks losing its vascularity. Elevation of the flap is commenced at the diaphragm, using cautery

and very carefully preserving proximal blood supply. The phrenic nerve must be protected from injury. The

flap is drawn under the anastomosis (Figure 28-4B) but is not immediately sutured. Anastomotic integrity is

checked by retracting the endotracheal tube into the trachea, proximal to the anastomosis, and expanding the

lung after the thoracic cavity has been filled with warm saline solution. The anastomosis should easily accept

30 to 35 cm H2O ventilatory pressure without leakage. The anastomosis should also be visualized with a flex-

ible bronchoscope passed through the endotracheal tube. The second-layer wrap is now meticulously sutured

to the trachea and to itself, completely covering the anastomosis and with the tissues closely approximated.

The chest is closed in routine fashion, leaving two thoracotomy tubes in place for pleural drainage.

Pedicled omentum is used in patients who have the added hazard of prior significant irradiation. The

technique of advancement is described in Chapter 42, “The Omentum in Airway Surgery and Tracheal

Reconstruction after Irradiation.” Since lateral tracheal and bronchial pedicles are carefully preserved to

maintain blood supply, the space remaining around the completed anastomosis may be minimal. An omen-

tal pedicle, even when thinned down, may be difficult to pass around the anastomosis. In order to facilitate

passage of the omental pedicle through this limited space, the pedicle is first introduced into a short length

of broad Penrose drain and fixed at its tip with a suture. The drain is then pulled gently through the nar-

row aperture, the suture cut, and the drain slid off the now properly positioned pedicle.



Reconstruction of the Lower Trachea (Transthoracic) and Procedures for Extended Resection 593

FIGURE 28-4 Buttressing a tracheobronchial
anastomosis with pedicled pericardial fat pad.
A, The line of dissection (dotted line) preferably
starts below the large middle pericardial branch
of the internal thoracic artery, follows the ante-
rior fold of mediastinal pleura into the
costophrenic sinus, and then back and up on the
pericardium along the border of the subpleural
fat pad. The pad is raised from the pericardial
surface, dividing small branches of musculo-
phrenic and pericardiacophrenic arteries in this
course. B, The elevated pedicle of pericardial fat
is passed beneath the anastomosis. The fragile
tissue must be handled with delicacy and with-
out tension on the pedicle. It is sutured with fine
(4-0) sutures to the airway proximal and distal
to the anastomotic line and to itself. The fat pad
is thus packed against the suture line. It must be
viable tissue.
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Pedicled intercostal muscle should not be used to wrap anastomoses circumferentially. Not only is this

flap bulky and hence awkward to use, but if the costal periosteum is not meticulously removed from the

superior and inferior margins of the flap, a circle of bone—a veritable obstructing grommet—can form

around the anastomosis. However, periosteal removal without injury to the flap’s blood supply may be dif-

ficult. In one early case where periosteum was not removed, a reoperation was required months later to

excise obstructing bone formation. This unique problem only follows circumferential wrapping.2 The inter-

costal pedicle flap has many excellent applications, such as buttressing the main bronchial closure or

esophageal closure after perforations. The periosteum need not be removed in such cases since the wrap is

not circumferential.

If the patient requires ventilation following intrathoracic reconstruction of the trachea, the endo-

tracheal tube is changed in the operating room to a conventional one, and the cuff is carefully positioned

with a flexible bronchoscope to lie above the anastomosis (if possible) and not in contact with it. A well-

constructed anastomosis should tolerate pressures necessary for ventilation, but the inflammation caused

by a cuff lying in contact with an anastomosis should be avoided, even though a low-pressure cuff is used.

Alternative Approaches

Cervicomediastinothoracic Resection

A cervicomediastinothoracic incision allows wide access to the entire upper airway from the hyoid bone to

the carina, if necessary.3 This consists of a collar incision and a vertical sternotomy which angles into the right

fourth interspace (see Chapter 23, “Surgical Approaches”). The cutaneous component sweeps beneath the

breast, but the breast and the underlying pectoralis muscle are elevated as a single flap up to the fourth inter-

space. The interspace is entered over the top of the fifth rib (see Figure 23-3B in Chapter 23, “Surgical

Approaches”). Initially, I used this approach electively for lower tracheal tumors, but it proved to be unneces-

sary as a routine approach to the lower trachea. It has occasional usefulness for special problems. If such access

might be needed, the patient is placed on the table with a long roll beneath the patient’s back just to the right

side of the midline. The patient’s neck is extended with an inflatable bag beneath the shoulders. The right

shoulder is abducted, with the elbow flexed and resting at the side, but supported to avoid brachial plexus or

ulnar nerve injury. The right chest is accessible as far as the posterior axillary fold. The right arm may be

draped into the field so that it can be swung back and forth, but this is usually not necessary. Exploration may

commence with a cervical incision, enlarged by partial sternal division. When the extent of the pathology is

determined, and if wide access to the lower trachea becomes necessary, the thoracic portion of the incision is

completed. I have found this approach useful on rare occasions for a very long midtracheal tumor that

required extensive tracheal dissection, laryngeal release, and right intrapericardial mobilization. It was also

used, for example, in a patient who had undergone elsewhere two previous failed attempts at tracheal recon-

struction, including one operation under cardiopulmonary bypass, and who also had scarring from medi-

astinal sepsis. Furthermore, in the same patient, the brachiocephalic artery had common origin with the left

common carotid and was fused to the trachea by scar.

Transmediastinal Resection

A combination of a collar incision, for the best access to the cervical trachea, with a full sternotomy has

merits (see Figure 23-3A in Chapter 23, “Surgical Approaches”). It does not provide any better access to the

upper trachea than partial sternotomy but gives much improved access to the lower trachea and carina.4–6

The pericardium is opened widely anteriorly and posteriorly between the superior vena cava and the aor-

tic arch (see Figure 23-7 in Chapter 23, “Surgical Approaches”). Working beneath the brachiocephalic

artery and above the right pulmonary artery, a deep quadrilateral space is opened, which permits access to



the lower trachea and carina. Exposure may be difficult and does require vigorous retraction of vessels.

Intraluminal tracheal tumors without invasion into adjacent structures, such as the esophagus, may be

removed through this approach without undue difficulty. Reconstruction may be difficult, however, if a

complex carinal repair is necessary. The principal advantage of the approach is avoidance of the morbidity

of thoracotomy. Right intrapericardial hilar mobilization may be added to gain length (see below). Cardiac

retraction, necessary for transpleural exposure of the left hilum, is usually not tolerated. If left hilar mobi-

lization is also necessary, a “T” into the left fourth interspace may be added. However, Cameron D. Wright

(personal communication, 2001) found that intrapericardial release of the left hilum, by incision of the

pericardium beneath and around the inferior pulmonary vein, can be effectively and preferably accom-

plished through the widely opened anterior pericardium with gentle cardiac retraction (see “Intraperi-

cardial Release,” below). Right-sided hilar mobilization is better done transpleurally, since access to the

inferior vein intrapericardially is limited by the right atrium and vena cava. The patient is also in optimal

position for laryngeal release, potentially useful if the resection begins high on the trachea. The principal

use of this incision, in my experience, has been for removal of a lengthy tumor of the midtrachea or of the

lower trachea, where it is desirable to avoid lateral thoracotomy. Effective control of thoracotomy inci-

sional pain by epidural analgesia makes this a less important consideration. I do not usually consider

median sternotomy to be the incision of choice for lower tracheal or carinal resection, although some sur-

geons prefer its use. Median sternotomy can be extended by opening the fourth right interspace across the

right side of the sternum, if sternotomy is found to be insufficient. Each extension adds to morbidity.

Bilateral transverse thoracotomy has been confined to special cases of carinal resection and reconstruc-

tion (see Chapter 29, “Carinal Reconstruction”).

Extended Resection of Lower Trachea

Cervical flexion and blunt dissection of the avascular pretracheal plane are routine components of lower

tracheal resection and reconstruction, for all but the most minimal lengths of excision. Flexion of the neck

to permit the cervical trachea to descend into the mediastinum, thus lessening tension on the anastomosis,

is basic to accomplishing lower tracheal resection and reconstruction. This may easily be forgotten in a

transthoracic approach. The length gained may not be as great as that obtained for upper tracheal resec-

tion, but is always significant. Freeing the pretracheal plane by blunt dissection appears to facilitate this

descent. The carina may also be pulled up to a small degree, minimally improved by blunt dissection of

analogous planes anterior to the main bronchi. The subaortic location of the left main bronchus prevents

more than a small degree of carinal ascent. The proportional length of resection permitted by these basic

steps varies, as in upper trachea, with age, body build, disease, and prior treatment. Between one-third to

one-half of trachea is usually, but not always, resectable without producing excessive tension on the anas-

tomosis. Judgment and experience appear to be the only final guides to avoiding the potentially fatal conse-

quences of excessive resection.

Laryngeal release (see Chapter 24, “Tracheal Reconstruction: Anterior Approach and Extended Resec-

tion”) can be a useful adjunct in lengthy upper tracheal reconstruction, providing a small but sometimes

critical increment. It will also provide some length for lower resection, if the resection extends above the

midtrachea. However, laryngeal release does not translate to the lower trachea or carina. This fact became

evident with experience and was supported by experiment.7 The lateral attachments of the trachea, includ-

ing critical vascular supply, prevent this. What may be done additionally to extend resection?

Right hilar release by dissection of vascular structures, with division of the inferior pulmonary liga-

ment, assisted by blunt dissection of the avascular plane anterior to the left main bronchus, provides

some mobility.8 Bronchial blood supply must be preserved. The carina ascends, rocking somewhat to the

right. The ascent of the right hilum is checked principally by the pericardial attachments of the inferior
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pulmonary vein. Much more is accomplished by intrapericardial release. Where anastomotic tension is

likely to result, I proceed directly to this step with minimal dissection of hilar structures before tracheal

resection. Division of the pulmonary ligament provides access to the pericardium, although it adds lit-

tle mobility by itself.

Intrapericardial release, especially release of the lowest part of the hilum, is widely applicable for extend-

ed lower tracheal resection, carinal resection, and also for left main bronchial sleeve resection.8 It may be done

on the right, left, or bilaterally, depending on need and access. In resection of a lower tracheal tumor, which

is performed most frequently through right thoracotomy, right-sided release is often used. The pericardium

is cleared anterior to the pulmonary vessels behind the phrenic nerve, with care to avoid injuring the nerve.

The (inferior) pulmonary ligament is divided. A U-shaped incision is made in the pericardium in front,

beneath, and behind the inferior pulmonary vein (Figure 28-5A). The longitudinal frenum, which attaches

the pericardium to epicardium, is freed above to the entry point of the inferior pulmonary vein into the atri-

um, and below for a centimeter or two. Hilar mobility can be increased by carrying the pericardial incision up

to the top of the hilum, anteriorly and posteriorly (Figure 28-5B). In effect, the pericardium is completely cir-

cumcised. Between 1 to 2 cm of hilar elevation are obtained. In opening the pericardium posteriorly, I endeav-

or to save a pedicle of mediastinal tissue to the hilum, which lies posterior to the pericardium and below the

main bronchus. A small Penrose rubber drain is passed around this pedicle for retraction and the pericardial

incision is extended upwards beneath the pedicle. Although this maneuver may not indeed be critical, the

effort is directed to conserving bronchial blood supply and pulmonary lymphatics. This may be important in

carinal resection. Pericardial closure is not necessary after hilar release.

Left-sided pericardial release finds special value in complete or subtotal left main bronchial resection

—the only isolated bronchial sleeve resection that may produce anastomotic tension. Bilateral intraperi-

cardial release is more effective in some cases of extended tracheal or carinal resection, but bilateral access

can be difficult, as noted. Cardiac retraction, necessary via sternotomy for left-sided access to the lower

hilum, is not tolerated by most patients.

Left hilar mobilization may be accomplished transsternally, directly via wide pericardiotomy, as dis-

covered by Dr. Cameron D. Wright at Massachusetts General Hospital (Figure 28-5C). Incision is made

below and beside the inferior pulmonary vein inside the opened pericardium, and the frenum from the

inside of the pericardium to epicardium is also divided. The incision through the pericardium adjacent to

the vein must be very close to the vein, since the phrenic nerve lies just anterior to the vein outside of the

pericardium. The nerve, of course, can not be visualized from within. If required, the phrenic nerve can be

visualized by dissecting between the outer surface of pericardium and the left mediastinal pleura.

Posterior opening of the left pleura from right thoracotomy has been suggested but provides unsafe

access. A left-sided “T” from sternotomy is feasible. Bilateral thoracotomy, elected for this purpose alone,

seems excessive. Furthermore, the aorta continues to tether the left main bronchus to a degree in any case.

Other Techniques

In the anatomy, laboratory radical techniques for extreme anatomic mobilization were explored early.

These included 1) division of the left main bronchus to permit elevation of the carina and right main

bronchus high up into the right hemithorax to bridge a long tracheal gap; and 2) devolution of a cervical

segment of trachea with intact lateral blood supply into the mediastinum to effect primary anastomosis

there, leaving a cervical gap to be reconstructed later.9 Exchange of tracheal segments had  earlier been tried

in dogs.10 A “trough” technique was developed to reconstruct the cervical trachea in stages, using a bipedi-

cled full thickness cervical skin flap with attached platysma, supported by inlying polypropylene rings.11

These potential techniques were explored before the simpler maneuvers of cervical flexion and

laryngeal release were introduced. These two easily employed maneuvers, together with pretracheal dis-



section and intrapericardial release, allowed most resections to be accomplished without extreme mea-

sures. The first “extreme” technique noted above was not used as described, both because of its complex-

ity and the likelihood of loss of carinal blood supply. However, the concept proves invaluable for the resec-

tion of carina and a long length of trachea. As described in Chapter 29, “Carinal Reconstruction,”

reimplantation of the left main bronchus into the bronchus intermedius permitted high elevation of the

right main bronchus to a tracheal remnant.
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FIGURE 28-5 Intrapericardial hilar release, from outside
of the pericardium, A and B. A, A U-shaped incision
(dashed line) is made around the inferior pulmonary vein
(IPV) after dividing the (inferior) pulmonary ligament.
The phrenic nerve must not be injured. B, The frenum
between the pericardium and epicardium beneath the IPV
has been divided, allowing elevation of the hilum, as
shown. The dashed line indicates extension of the pericar-
dial incision around the hilum to achieve further mobility.
C, Release of the IPV via wide pericardiotomy, accom-
plished through complete median sternotomy from inside
the pericardium. Technique of Cameron D. Wright. The
line of pericardial incision (dashed line) anterior to the
pulmonary vein must be close to the vein in order to avoid
injury to the phrenic nerve, which lies quite close to the vein
outside of the pericardium. LMB = left main bronchus.
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The second technique, devolution of cervical trachea to effect safe intrathoracic primary anastomo-

sis, was employed in a small number of patients who had extreme resections in very complex situations. In

some of these patients, a splinted cutaneous trachea was constructed successfully, primary reanastomosis

became possible at a later date in one patient, and reconstruction was not completed for various reasons in

several other patients. This record makes it obvious why, in addition to the complexity of the technique and

potential for damage to recurrent laryngeal nerves, the method was abandoned.

The key issue, however, is that extremely few lesions that should be resected can not be resected and

reconstructed by the presently devised surgical techniques.

References

1. Brewer LA III, Bai AF. Surgery of the bronchi and trachea.
Am J Surg 1955;89:331–46.

2. Prommegger R, Salzer GM. Heterotopic ossification in
pedicled intercostal muscle flaps causing clinical
problems. J Thorac Cardiovasc Surg 1998;115:466–7.

3. Grillo HC, Bendixen HH, Gephart T. Resection of the
carina and lower trachea. Ann Surg 1963;158:
889–93.

4. Abruzzini P. Trattamento chirurgico delle fistole del
bronco principale consecutive a pneumonectomia
per tubercolosi. Chir Torac 1961;3:165–71.

5. Perelman MI. Resection and plastic surgery of bronchi.
Moscow: Mir; 1968. p. 202–13.

6. Ginsburg RJ. Median sternotomy for repair of post-
pneumonectomy fistulae. In: Martini N, Vogt-Moykopf
I, editors. Thoracic surgery: frontiers and uncommon
problems. St. Louis: Mosby; 1989. p. 149–52.

7. Valesky A, Hohlback G, Schildberg FW. Wertigkeit unter-
chiedlicher Matsnahmen zur Minderung der Anasto-
mosenspannung nach Kontinuitätsresektion der Tra-
chea. Langenbecks Arch Chir 1983;360:59–69.

8. Grillo HC. Surgery of the trachea. In: Current problems
in surgery. Chicago (IL): Year Book Medical Publish-
ers; July 1970.

9. Grillo HC, Dignan EF, Miura T. Extensive resection and
reconstruction of mediastinal trachea without pros-
thesis or grafts: an anatomical study in man. J Thorac
Cardiovasc Surg 1964;48:741–9.

10. Assouad M, Merlier M, Forster E, et al. Échange sans
dévascularisation de segments trachéaux chez le
chien. Poumon Coeur 1960;16:121–31.

11. Grillo HC. Circumferential resection and reconstruction
of the mediastinal and cervical trachea. Ann Surg
1965;162:374–88.



C H A P T E R  T W E N T Y- N I N E

Carinal Reconstruction 

Approach

Anesthesia

Resection

Reconstruction

Hermes C. Grillo, MD

Carinal resection and reconstruction remains one of the most challenging areas of airway reconstruction.

There is no single ideal technique for reconstruction. The type of resection and reconstruction varies with

the location and extent of the lesion.1 The first decision to be made by the surgeon is whether a tumor or

inflammatory process is indeed amenable to resection and primary reconstruction. Except for instances of

dense inflammation or of extensively invasive tumor, resection is most often possible. Reconstruction, how-

ever, lacking an acceptable tracheal replacement, quickly becomes impossible as the length of tracheal

involvement increases. The management of extensive carinal lesions has been fraught with so many com-

plications in the use of staged reconstruction, or failures in the use of prosthetics, that I presently believe

that radiotherapy is preferable for a susceptible tumor, if direct anastomosis does not seem safely possible

by one of the techniques that have evolved.

Surgery for carinal reconstruction is technically difficult and shadowed with the possibility of com-

plications such as devascularization, separation, and stenosis. Ventilation under anesthesia can still present

difficulties in complex cases. Postoperative difficulties include management of secretions, which may some-

times be troublesome for many days until healing has progressed sufficiently. Gradually, a spectrum of tech-

niques has evolved for the reconstruction of the carina, with and without the resection of varying amounts

of lung tissue, depending upon the nature and extent of the lesions.

Approach

Approach is made primarily through the right hemithorax, but certain lesions are approached from the left

side, and a few are best managed through bilateral “clamshell” thoracotomy. The simplest carinal recon-

struction—restitution of the carina after limited resection for a small tumor—can be accomplished through

complete sternotomy with pericardiotomy. More complex reconstructions become more difficult by this

route. See Chapter 23, “Surgical Approaches.”
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Anesthesia

I prefer inhalation anesthesia, managed as previously described. An extra-long single lumen endotracheal

tube (ET) with a flexible distal part (Wilson tube) (see Figure 24-1 in Chapter 24, “Tracheal Reconstruc-

tion: Anterior Approach and Extended Resection”) is placed orally and seated with the help of a flexible

bronchoscope. The “down lung” is ventilated right or left with a standard flexible ET across the operative

field during most of the resection and the reconstruction.2,3 An alternative is a single lumen tube in the tra-

chea with a bronchial blocker placed in the “up lung.” High frequency jet ventilation has proved useful, par-

ticularly in certain complex reconstructions, during the phase just prior to completion of anastomoses.4 It

is sometimes a useful adjunct to cross-field ventilation by an ET. Chapter 18, “Anesthesia for Tracheal

Surgery,” expands on these general statements, and Figure 18-2 illustrates the management of intubation

and ventilation for different schemes of carinal resection and reconstruction.

Successful use of cardiopulmonary bypass has been reported in a few cases of simple tracheal resec-

tion, where it was not necessary. Bypass has no place in most carinal reconstructions. Manipulation of the

lung, which is necessary in the most difficult cases, where bypass might really be thought to be of help, pro-

hibits its use. In such cases where it has been tried, anticoagulation has led to massive bleeding within the

parenchyma of the manipulated lung and dependence upon whatever residual function there was in the

portion of opposite lung that remained. If this is insufficient, the patient will die. Therefore, when cardio-

pulmonary bypass might really be useful in airway reconstruction, it is usually unsafe to use it. I employed a

bypass only in unique situations for brief portions of operations, such as reconstruction of the main pul-

monary artery because of localized tumor invasion or for reimplantation of a pulmonary artery “sling” that

accompanies congenital stenosis.

Resection

Approach is most often through the right chest (see Figure 23-7 in Chapter 23, “Surgical Approaches”)

as described for transthoracic tracheal resection (see Chapter 28, “Reconstruction of the Lower Trachea

[Transthoracic] and Procedures for Extended Resection”). The azygos vein is divided, the pleura opened,

and the carina dissected (see Figure 28-1 in Chapter 28). Penrose drains are usually passed around the

trachea, the right main bronchus, and the left main bronchus, if the lesion permits. Principles of onco-

logic dissection are followed insofar as it is possible without destruction of tracheobronchial blood 

supply. A Penrose drain is often placed around the esophagus at the level of the carina to retract the

esophagus gently. The left main bronchus is often transected first, after placing lateral traction sutures

on either side of that bronchus. Intubation across the operative field into the left main bronchus allows

the right lung to collapse fully, facilitating further dissection. Either the trachea or right main bronchus

may next be transected, depending upon the particular problem at hand. One or both lateral traction

sutures are placed in the trachea or right main bronchus before division. With traction, the carinal spec-

imen may now be separated with ease from any remaining attachments to mediastinal structures.

Particular caution is used in dissecting it away from the aortic arch, which lies immediately deep to the

junction of the trachea and left main bronchus. The left recurrent laryngeal nerve passes under the arch

at this point on its way toward the left tracheoesophageal groove.

The pretracheal plane is dissected bluntly upward to the thyroid isthmus. If intrapericardial hilar

mobilization is clearly going to be required, it is more easily done before airway division. Pericardial mobi-

lization, especially the “U” incision beneath the inferior pulmonary vein, is so simple, consumes so little

time, and carries so little hazard of complications, that I lean readily toward doing it. Intrathoracic anasto-

moses are always covered with a pedicled second layer of tissue. The pericardial fat pad (elevated as

described in Chapter 28,“Reconstruction of the Lower Trachea [Transthoracic] and Procedures for Extend-



ed Resection”) is preferred, since its bulk interposes substantial tissue between pulmonary vessels and

tracheobronchial sutures lines, minimizing the possibility of bronchovascular fistula (see Figure 28-4B in

Chapter 28). The omentum is preferred if irradiation has been given previously (see Chapter 42, “The

Omentum in Airway Surgery and Tracheal Reconstruction after Irradiation”).

Reconstruction

Without Pulmonary Resection

Techniques for carinal resection and reconstruction are described below, in order of increasing complexity.1,5–8

Lesion Confined to the Carina. Restitution of the carina by suturing the right and left main bronchi

together and approximating these to the end of the trachea is an attractive concept, but is frequently impos-

sible without tension (Figures 29-1A–D). The reason is that once the right and left main bronchi are

sutured together, the left bronchus is held by the halter of the aortic arch, and most of the length for reap-

proximation must come from devolution of the trachea to the newly formed bifurcation. This length is

obviously limited since most of the mobility is obtained by flexion of the neck. This type of reconstruction

is, therefore, safely possible only for a small tumor or lesion located precisely at the carina. As previously

noted, laryngeal release does not translate to relaxation at the carina (see Chapter 28, “Reconstruction of

the Lower Trachea [Transthoracic] and Procedures for Extended Resection”).

Lateral traction sutures are placed in the midlateral line of the trachea on either side and in the mid-

lateral lines of the right and left main bronchi. The medial walls of the right and left main bronchi are

sutured together with a series of interrupted 4-0 Vicryl sutures, placed so that the knots are tied outside of

the lumen (see Figures 29-1B,C). Anastomosis of the trachea to the new bronchial bifurcation is done in
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FIGURE 29-1 Carinal resection. See the text as well as Chapter 18,
“Anesthesia for Tracheal Surgery,” for management of ventilation
in these procedures. A, Carinal lesion involving little of the trachea.
Resection lines are indicated. B, The medial walls of the right and
left main bronchi are approximated with interrupted 4-0 Vicryl
sutures to form a new carina. All sutures are placed before any are
tied. The knots lie outside of the lumen, underneath the neocarina
that is being fashioned. Note the midlateral traction sutures in the
lateral walls, one ring distant from the cut edges.A

B
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the usual manner, with care taken to place the sutures proportionally in view of the discrepancy in shape

and size of proximal and distal “ends.” I use a mattress suture both anteriorly and posteriorly at the point

of junction of the tracheal anastomosis with the bronchial anastomosis (see Figure 29-1C). This pulls the

bronchial suture lines together at the corners (see Figure 29-1D), obtaining an airtight seal. A second layer

flap is routinely used (see Figure 28-4 in Chapter 28, Reconstruction of the Lower Trachea [Transthoracic]

and Procedures for Extended Resection).

Carinal Lesion with Involvement of the Trachea. If a carinal tumor or stenosis involves more than a min-

imal amount of trachea, the remaining length of trachea becomes insufficient to approximate it without

tension to a neocarina formed by suturing right and left main bronchi together (Figure 29-2A).1 In this

case, the trachea is most often sutured end-to-end to the left main bronchus, and the right main bronchus

is implanted into the side of the trachea (Figure 29-2B), usually after right hilar intrapericardial release.

Ease of approximation of the trachea to the left main bronchus is tested, with the neck in tentative flexion,

FIGURE 29-1 (CONTINUED) C, After the neocarina is completed, sutures for anastomosis between the trachea and the bronchial circumfer-
ence are placed. The joined main bronchi are treated as a single unit. Sutures will be closer together on the tracheal side since the bronchial
circumference is longer. Sutures are placed proportionally; the tracheal and bronchial edges are not tailored. The anterior cartilaginous wall
sutures are placed first. The anterior mattress suture at the confluence of the trachea and both bronchi is shown. The balance of the anterior
anastomotic sutures is serially placed on both sides, from the midpoint to the lateral traction sutures, arrayed on each side in the order of place-
ment. These will be tied in reverse order of placement. Membranous wall sutures are placed next. A mattress suture is also used at the poste-
rior confluence. Midlateral stay sutures in the trachea are not shown. If this anastomosis is performed through a median sternotomy (with
partial pericardiotomy), the membranous wall sutures are placed first, with half ranged to either side. The anterior sutures are then placed.
Traction sutures are tied before the anastomotic sutures. D, After all anastomotic sutures are placed, the paired lateral traction sutures are
tied on each side simultaneously. Cervical flexion is maintained during this maneuver. Anastomotic sutures are tied, beginning with the most
accessible ones in the cartilaginous wall posterior to the traction sutures. This will further reduce any residual tension as the next sutures are
tied, since the membranous wall tears more easily. As each suture is tied, excess suture is removed. Membranous wall sutures are tied next,
followed by anterior sutures. Note the mattress suture in the anterior midpoint.

C

D
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FIGURE 29-2 Resection of the carina with
involvement of a longer segment of trachea.
A, The gap after the resection, indicated by the
dashed lines, is sufficiently long so that excessive
anastomotic tension would result if the bronchi
were first sutured together, or anastomosis
might be impossible. This is because the mobil-
ity of the left main bronchus is checked by the
aortic arch. The gap between the trachea and
left main bronchus should be no greater than 
4 cm. B, Anastomosis is first completed between
the trachea and left main bronchus. The long
proximal endotracheal tube is then advanced
into the left main bronchus. The right main
bronchus, which has been freed by intraperi-
cardial hilar mobilization, is anastomosed to
an orifice in the lateral wall of the trachea. On
rare occasions, it may be preferable to implant
the right main bronchus into the medial wall of
the left main bronchus. The decision is based on
evaluation of relative tensions intraoperatively.
C, Anastomosis of the right main bronchus to
the trachea. The oval orifice in the trachea is
located entirely within the cartilaginous wall.
The lung is retracted anteriorly. The opening is
as long as the bronchus is wide, but the width of
the aperture is somewhat less than the antero-
posterior diameter of the bronchus. Note the
location of the orifice about two rings above the
prior anastomosis. The initial anastomotic
suture is shown. Stay sutures in the trachea on
either side of the aperture, which are sometimes
omitted, are placed closer to the ends of the
aperture, if used. An alternative is to use an
anastomotic suture of 3-0 Vicryl at each end of
the oval to help in initial approximation and to
reduce tension on the other 4-0 anastomotic
sutures. See the text for details of technique.

A

B
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by pulling together the paired traction sutures of the trachea and left main bronchus on both sides. In gen-

eral, anastomosis of the trachea to the left main bronchus may be safely accomplished in the adult without

dangerous tension, if the initial gap is no greater than 4 cm. This varies with individual patients. If tension

seems too great, the technique described in the next section should be employed instead.

The end-to-end anastomosis between the trachea and left main bronchus is accomplished in the

usual manner, even though there is discrepancy between the diameter of the trachea and that of the left

main bronchus. Ordinarily, I do not make any effort to bevel the main bronchus or to reduce the circum-

ference of the trachea. The anastomotic sutures are placed proportionally between the trachea and

bronchus (see Figure 30-1 in Chapter 30, “Main and Lobar Bronchoplasty”). When the ends are drawn

together, there may be a small degree of intussusception. Although one might expect that the resulting

irregularity inside the lumen would produce granulation tissue at the point of healing, this is almost never

the case, probably because epithelization proceeds rapidly. The lateral traction sutures are tied first, fol-

lowed by the anastomotic sutures. Placement of sutures and their temporary alignment on the drapes is

done in a manner analogous to that described for transthoracic tracheal reconstruction (see Chapter 28,

“Reconstruction of the Lower Trachea [Transthoracic] and Procedures for Extended Resection”).

The special long ET is now passed from above, through the anastomosis between the trachea and left

main bronchus into the left main bronchus (see Figure 18-2B in Chapter 18, “Anesthesia for Tracheal

Surgery”). Care is taken not to advance it so far that the left upper lobe orifice becomes obstructed. Inhala-

tion anesthesia is continued using the left lung only. The right lung remains collapsed. An ovoid opening is

made in the right lateral wall of the lower trachea, approximately 1 cm proximal to the anastomosis just

performed between the trachea and left main bronchus (Figure 29-2C). This is done in order to maintain

blood supply in this isthmus of cartilage between the two anastomoses and to separate them by a bridge of

healthy tissue. The aperture lies entirely within the cartilaginous lateral wall of the trachea to help assure

patency (see Figure 29-2C). It does not extend into the membranous wall. The right main bronchus should

be easily elevated to this level, facilitated by prior inferior intrapericardial release (see Figures 28-5A,B in

Chapter 28, “Reconstruction of the Lower Trachea [Transthoracic] and Procedures for Extended Resec-

tion”). If there appears to be tension when the right main bronchus is advanced to the new aperture in the

lower trachea, it may be necessary to complete the intrapericardial release circumferentially. Cervical flex-

ion is maintained during completion of the anastomosis. Anastomoses are tested for air tightness under

saline after retracting the ET proximally to a point above the anastomoses.

Anastomosis between the trachea and right main bronchus, which in some cases is essentially at the

bifurcation into the upper lobe bronchus and bronchus intermedius, must be made with great care. 4-0

Vicryl sutures from the anterior wall of the right main bronchus to the anterior margin of the ovoid open-

ing are placed carefully so that the knots will lie on the outside of the lumen (see Figure 29-2C). Lateral

traction sutures may be helpful. These are placed in the usual orientation in the right main bronchus or

sometimes in the lateral walls of the right upper lobe bronchus and bronchus intermedius if much of the

right main bronchus has been resected. Traction sutures at the superior and inferior margins of the oval

opening in the trachea, if used, must be placed with unusual care, not too close or too far from the new

stoma, and possibly transversely or obliquely. 3-0 Vicryl is preferred for traction sutures in these locations

to avoid injury to the thinner cartilage of the bronchus.

One or two anastomotic sutures may be placed just anterior to the midlateral traction suture in the

inferior margin of the right main bronchus. The balance of sutures, beginning just beyond this point, is

serially placed anteriorly, ranging to the superior margin of the right main bronchus. When the bronchus

is approximated to the tracheal aperture, fingertip access for tying the sutures is better from cephalad to

caudad, except for the first few sutures placed, which are accessible inferior to the bronchus. The posterior

wall sutures are placed after the anterior ones, retracting the lung anteriorly.



It often is not necessary to place traction sutures in the trachea for approximation to the traction

sutures in the main bronchus, since the approximation is usually made without tension by simply sliding

the collapsed lobe and its bronchus very carefully toward the point of anastomosis. The traction sutures on

the bronchial side are helpful in thus positioning the bronchus for anastomosis. An alternative is to use two

slightly heavier anastomotic sutures (3-0) at either end of the ovoid anastomosis. The anterior and superi-

or cartilage-to-cartilage sutures are tied, beginning superiorly and progressing in a caudad direction. The

few caudad sutures are tied with a little more difficulty because of the presence of the apical segmental

branch of the upper division of the right pulmonary artery. The artery is retracted gently. The posterior

anastomotic sutures are then tied. Special care must be taken not to pull sharply on these sutures in the

membranous wall, since they can easily cut through the thinner membranous wall of the bronchus, caus-

ing troublesome leaks.

An alternative method, less often used, is to anastomose the right main bronchus to the trachea and

implant the left main bronchus into the left side of the trachea. There is no special reason to recommend

this scheme.

A second layer wrap is interposed between the anastomoses and pulmonary artery. The pericardial

fat pad is preferred (see Figure 28-4 in Chapter 28, “Reconstruction of the Lower Trachea [Transthoracic]

and Procedures for Extended Resection”), but is somewhat more difficult to use than a broad-based pleur-

al flap because of the bulkiness of the fat and the small space between the anastomosis of the right main

bronchus to the trachea and the pulmonary artery ramus. A fat pad flap is employed by splitting it into two

tails in its distal portion so that one may be carried around the anastomosis of trachea to the left main

bronchus and the other circumferentially around the right main bronchial anastomosis to the trachea. To

simplify passing these flaps in these tight spaces, they may first be carefully drawn into a Penrose drain

(using three hemostats to spread the drain lumen). The sheathed and moistened flap is then pulled gently

into place around the anastomosis, and the drain slipped off.

Before suturing the second layer flaps, the ET is drawn up into the trachea (with cuff deflated) to a

point above the proximal anastomosis and the cuff is reinflated. The anastomoses are checked for leaks

under saline. The ET is guided back into the left main bronchus in order to collapse the right lung again.

After suturing the pericardial fat pad over the anastomoses and to itself, the ET is repositioned in the prox-

imal trachea and the right lung fully expanded before closing the chest.

Extended Resection of Carina and Trachea. Where even a greater length of trachea must be removed, the

technique just described will not suffice (Figure 29-3A). The length of tracheal resection will not permit

safe approximation of the trachea to the left main bronchus, even with maximum mobilization. The left

main bronchus remains tethered by the aortic arch. Access is not regularly available to perform intraperi-

cardial mobilization of the left hilum, and even this would often not provide sufficient mobility. In con-

trast, full intrapericardial mobilization of the right hilum permits the right main bronchus to be elevated

high in the chest for end-to-end anastomosis to the remaining trachea (Figure 29-3B). Ventilation is main-

tained with a tube across the operative field in the left main bronchus during this phase (see Figure 18-2C

in Chapter 18, “Anesthesia for Tracheal Surgery”).

After anastomosis of the trachea to the right main bronchus, an ovoid opening is made in the medi-

al wall of the bronchus intermedius, and the left main bronchus is anastomosed to this opening (see 

Figure 29-3B). This technique was first described in patients by Barclay and colleagues,5 who reported 2

cases in 1957, and then by Eschapasse and colleagues7 and Grillo.1 The bronchotomy is made with care not

to remove excessive cartilage and so narrow the bronchus intermedius. On the other hand, a simple slit will

not remain sufficiently patent. A slim oval of bronchial wall is excised, leaving a margin of cartilage all

around the aperture. The anteroposterior diameter of the left main bronchus is somewhat greater than the
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width of the ovoid opening. When the anastomosis is completed, the neo-orifice is held more widely open and

the circumference of intermediate bronchus is slightly increased at this point.

Exposure is more difficult in this repair than in the two previously described. Sutures from the ante-

rior cartilaginous wall of the left main bronchus to the anterior margin of the stoma in the bronchus inter-

medius are placed with half of the sutures ranged cephalad and half caudad. Posterior sutures are then

placed from the membranous wall of the left main bronchus to the posterior margin of the ovoid opening

in the bronchus intermedius. All sutures are placed before any are tied. The same considerations apply here

to use of traction sutures as in the anastomosis earlier described between the end of the right main

bronchus and the side of the trachea (see Figure 29-2C).

It is difficult to perform the second anastomosis using cross-field anesthesia. The flexible armored

tube must be removed intermittently for placement of the sutures. The right lung should remain collapsed

for access. Following placement of all the sutures, a small flexible tube may sometimes be passed from

above, through the new opening into the left main bronchus, while the sutures are tied. This may be cum-

bersome or not be feasible. I, therefore, prefer to do this part of the anastomosis using high-frequency jet

ventilation of the left lung, usually with a catheter passed from above, through the ET that lies in the tra-

chea or across the operative field, and which is removed as the last sutures are tied (see Figure 18-2C in

Chapter 18, “Anesthesia for Tracheal Surgery”). In using high-frequency ventilation in this situation, both

FIGURE 29-3 Resection of the carina and a significant length of the trachea. A, The length of trachea resected (dotted lines)
exceeds 4 cm. The trachea and left main bronchus will not approximate safely. B, The elevated right main bronchus is anas-
tomosed to the trachea after intrapericardial hilar mobilization. The left main bronchus is then anastomosed to the medial
wall of the bronchus intermedius, in similar fashion to Figure 29-2C.
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the surgeon and anesthetist must be continuously alert to the hazard of inadvertent occlusion of the route

of egress of the gases that are being insufflated. Although, mechanically, one would expect that there would

be free flow, this is not always the case. Development of sudden high pressure could rupture the left lung.

If oxygenation is unsatisfactory, supplementary high-frequency ventilation may be added with a catheter in

the right main bronchus or a bifid catheter in the right upper lobe bronchus and in the bronchus inter-

medius. Since the right lung does not fully expand, gentle retraction allows satisfactory surgical exposure.

With Pulmonary Resection

No resection of pulmonary tissue accompanies the three techniques described above. The following sec-

tions describe either concurrent or prior removal of lung tissue in addition to resection and reconstruc-

tion of the carina.

Carinal Resection with Right Upper Lobectomy. Tracheal or carinal tumors or fibrotic processes easily

extend down the short right main bronchus sufficiently far to involve the right upper lobe bronchus. This

may necessitate removal of the upper lobe in addition to the carina. Bronchogenic carcinoma in this loca-

tion may also involve the main bronchus and carina (see Chapter 8, “Secondary Tracheal Neoplasms”). If

carinal pneumonectomy is not elected, or is functionally impossible, the carina, right main bronchus, and

right upper lobe may be removed, sometimes with the middle lobe as well (Figure 29-4A). The middle and

lower lobes or the lower lobe alone may be salvaged and reimplanted into the bronchial tree, usually into

the left main bronchus (Figure 29-4B). Elevation of the bronchus intermedius, and even more so of the

right lower lobe bronchus, to the side of the trachea very often creates excessive tension, risking separation

or stenosis. This will occur despite intrapericardial mobilization (which should always be done), because of

the absent span of the right main bronchus. Furthermore, since reconstruction requires end-to-end anas-

tomosis of the trachea to the left main bronchus, the excision must not leave a gap greater than 4 cm

between the trachea and the left main bronchus, or excessive tension on this anastomosis will result.

Dissection is commenced as previously described. The pulmonary artery and superior pulmonary vein

are dissected in anticipation of the lobectomy or lobectomies required and also to determine that there is no

tumor involvement, either of the arteries or of adjacent lymph nodes, which would make it unwise or impos-

sible to attempt a conservative lung sparing procedure. Hilar dissection is completed anteriorly and posteri-

orly, tapes are placed around the trachea above the lesion and around the left main bronchus, and the

bronchus intermedius is cleared appropriately. The requisite branches of the pulmonary vein and artery to the

upper lobe or upper and middle lobes are doubly ligated and divided. If the middle lobe is also to be removed,

the middle lobe bronchus is divided and closed with 4-0 Vicryl sutures. Care is taken not to strip the bronchus

intermedius of its overlying vasculature and connective tissue. The bronchus intermedius is divided below the

upper lobe bronchus. If the tumor extends to the middle lobe bronchus, it is usually not possible to salvage

the lower lobe, since the superior segmental orifice lies opposite the middle lobe bronchus. Rarely, oblique

bronchial resection can be done, but this presents potentially greater difficulties for anastomosis.

In cases of lobar reimplantation after carinal resection, the hilum must be mobilized intrapericar-

dially to obtain enough length to reattach the lower lobe with minimal tension. It is usually easier to divide

the left main bronchus first, after placement of lateral traction sutures, and institute cross-field intubation

and ventilation of the left lung. This allows the right lung to collapse, facilitating completion of dissection.

After excision of the specimen, which includes the upper lobe (or lobes) and the carina in continuity, end-

to-end anastomosis is performed between the trachea and the left main bronchus. Anastomotic integrity is

checked under saline. The bronchus intermedius or lower lobe bronchus is drawn upward with its 3-0 trac-

tion sutures to determine whether it can be implanted into the side of the left main bronchus without

excessive tension. Initially, I implanted the bronchus intermedius or right lower lobe bronchus into the side
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of the trachea. Although this succeeded in a number of patients, it also led to serious or lethal complica-

tions in too many others, due to excessive tension. These complications included obstruction of the

implanted right bronchus, stenosis, separation, and hemorrhage. Anastomotic tension, in this case, is by its

nature much greater than that developed by anastomosis of the right main bronchus to the trachea.

Implantation of the smaller bronchus intermedius into the relatively narrow left main bronchus,

while maintaining anesthesia via an ET in the left main bronchus, can be difficult. This is another situation

in which high-frequency ventilation is useful.

Tissue for the second layer is prepared and brought in beneath the anastomoses, but it is not sutured

in place until after testing the anastomoses under saline.

If the patient can tolerate a pneumonectomy, it may be the safer course for many.

Carinal Resection and Right Pneumonectomy. Resection of the carina with the right lung is most fre-

quently done for bronchogenic carcinomas involving the origin of the main bronchus or the carina.9–11

FIGURE 29-4 Resection of the carina and right upper lobectomy or bilobectomy (right upper and middle lobes). The gap between the trachea and left
main bronchus should be less than 4 cm. A, Lines of resection are indicated. If the middle lobe parenchyma is involved by contiguity, it is also resected.
The middle lobe bronchus is closed, allowing salvage of the bronchus intermedius above the superior segmental bronchus. B, The trachea is anasto-
mosed end-to-end to the left main bronchus. The bronchus intermedius is anastomosed as shown to the medial wall of the left main bronchus, with
the aid of right hilar mobilization. Although the bronchus intermedius sometimes will reach the side of the trachea, danger from excessive tension makes
the anastomosis shown to be preferable, even though its execution is more difficult. If an anastomosis to the left main bronchus also appears question-
able, right pneumonectomy is preferable, assuming the patient can tolerate loss of the right lung.
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If the tumor does not extend very far up the trachea, the operation is conceptually and mechanically rela-

tively easy to perform (Figure 29–5). While physiologically, the operation should be the equivalent of a

right pneumonectomy, it has been general experience that mortality was much higher for this operation

than for a simple pneumonectomy, largely due to “postpneumonectomy pulmonary edema.” Its etiology

remains unclear, although attention to minimizing barotrauma appears to be helpful.12

The patient is selectively intubated into the left main bronchus with an extra-long flexible-tipped ET.

Mediastinoscopy should be performed prior to embarking upon such a resection to be certain that the

patient is potentially curable. This is best done under the same anesthesia as that for resection. When lymph

nodes are not involved and the only limitation to resection is involvement of the origin of the main

bronchus or carina, these patients should really be classified as stage IIIA carcinoma of the lung rather than

stage IIIB. If lymph nodes are involved, the procedure is only justified in the setting of a study protocol.

Most of the technical points have already been discussed. Resectability is determined by careful explo-

ration of the mediastinum and examination early in the operation of the origin of the pulmonary vessels, if

necessary, intrapericardially. If more than 4 cm of trachea will have to be resected, the surgeon must be wary

of excessive anastomotic tension, and question the feasibility of surgery. I try to avoid radical mediastinal

lymph node dissection to minimize possible injury to the blood supply of the trachea or to lymphatic

drainage from the remaining lung. When it is clear that resection can be done from the vascular standpoint,

the trachea is circumferentially dissected at the level of the expected division and the left main bronchus at its

origin. The left main bronchus is usually divided first after placement of traction sutures, so that intubation

may be carried out and ventilation continued in the left lung. Tracheal division is sometimes accomplished

before mediastinal dissection has been completed. Traction on the divided bronchus and tracheal end of the

specimen facilitates residual dissection. Dissection must be done carefully to avoid injury to the left recurrent
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FIGURE 29-5 Right carinal pneumonectomy.
A, Bronchogenic carcinoma is the usual indica-
tion for this procedure. Complete staging,
including intraoperative assessment, is required.
The gap between the divided trachea and left
main bronchus should not exceed 4 cm. B, The
completed anastomosis.
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laryngeal nerve where it lies beneath and on the aortic arch. Anastomosis is performed as described earlier and

a second layer closure is always applied. As always, approximation is facilitated by cervical flexion.

Carinal Resection and Left Pneumonectomy. Carcinoma of the left lung only rarely extends to the carina,

given the length of the left main bronchus. Infrequently, other primary tumors such as adenoid cystic car-

cinoma are encountered, which involve the left main bronchus and the carina. The entire left main

bronchus may be resected separately (see Chapter 30, “Main and Lobar Bronchoplasty”) and the lobar

bronchial bifurcation of the left lung reattached to the base of the carina13; however, if the carina also must

be resected with a large part of the left main bronchus, there is currently no feasible technique to salvage

the left lung. Under these circumstances, a left pneumonectomy and carinal resection may be performed

through a left thoracotomy (Figure 29-6A).1 This approach is safely feasible only where a limited amount

of trachea is involved; that is to say, where no more than 1 cm of trachea and of right main bronchus will

have to be resected above and below the margins of the left main bronchus.1,14,15

Access to the carina from the left is constricted, but adequate for such limited resection (Figure 

29-6B). The right main bronchus is selectively intubated with a Wilson tube. After determination of

resectability, dissection is carried up beneath the aortic arch, taking great care to identify and preserve the

recurrent laryngeal nerve. The left vagus nerve will be divided well below the point of origin of the recur-

rent nerve. The ligamentum arteriosum is divided to improve exposure. The aortic arch is dissected cir-

cumferentially and tapes placed around it for retraction. With the aid of these tapes and retractors, and with

cervical flexion to devolve the trachea, dissection is carried around the lowermost end of the trachea and a

Penrose drain placed around the trachea. The pretracheal plane is dissected bluntly into the neck. The cari-

na is identified, the right main bronchus is dissected, and a Penrose drain placed around it. Once it is

absolutely certain that resection and reconstruction will be possible, the pulmonary vessels are divided.

The neck is held in flexion, the aorta retracted, and traction placed on the peritracheal and peri-

bronchial tapes, pulling the carina into the field. Then, 2-0 Vicryl traction sutures are placed in the left later-

al wall of the trachea, proximal to the projected point of transection, and in the medial wall of the right main

bronchus, distal to the point of bronchial division. The endotracheal tube is withdrawn into the proximal tra-

chea. The right main bronchus is transected and a cross-field flexible ET is passed into the most proximal por-

tion of the right main bronchus. The trachea is transected and the specimen extracted. With traction on the

initial stay sutures, additional 2-0 Vicryl traction sutures are now placed in the right side of the lower trachea

and in the right side of the right main bronchus. Blunt dissection should not be carried very far down the

right main bronchus, because of the proximity of the pulmonary artery and the short length of the bronchus.

Using the tapes around the aorta for intermittent retraction of the aortic arch, anastomotic sutures are

placed in the usual manner, commencing just anterior to the right lateral traction sutures of trachea and main

bronchus and arranging these sutures forward on the anterior cartilaginous wall until the left-sided traction

sutures are reached. A similar group of sutures is placed posteriorly, including the membranous wall and the

two segments of cartilaginous wall posterior to the traction sutures on either side. When all of these sutures

have been placed, the cross-field ET is removed, the tube from above is once again passed just into the right

main bronchus, and, with cervical flexion, both sets of lateral traction sutures are tied. The ET must not be

pushed into the right main bronchus or it will hinder approximation or obstruct the upper lobe orifice.

The anastomotic sutures in the cartilaginous parts of the tracheobronchial walls, posterior to the

traction sutures, are tied first on both sides. With this added security, the membranous wall sutures are tied

gently to avoid cutting through the soft wall. Excess suture is cut after each is tied. The sutures in the car-

tilaginous walls, anterior to the stay sutures, are then tied, completing the anastomosis (Figure 29-6C).

The anastomosis is tested for air tightness under saline and, following this, a second layer pedicled

flap is passed around the anastomosis and sutured to the airway and to itself. The long ends of the tied 
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FIGURE 29-6 Left carinal pneumonectomy.
A, The procedure is feasible via a left thoraco-
tomy with subaortic approach, but only when
a short length of carina and trachea is
involved. B, Exposure is facilitated by retrac-
tion of the aortic arch using tapes. The left
pulmonary artery is also gently retracted,
with care not to injure the first branch. The
ligamentum arteriosum is usually divided.
The recurrent laryngeal nerve must be metic-
ulously identified and preserved. The vagus
nerve is usually well divided, distal to the
recurrent nerve, in order to improve exposure.
After pretracheal blunt dissection and with
cervical flexion, traction is placed on the tra-
chea just above the carina and on the right
main bronchus at its origin, using tapes. Trac-
tion sutures are placed in the trachea and
right main bronchus before the airway is
divided. C, Completed anastomosis. It is
wrapped with a second layer. RMB = right
main bronchus.
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traction sutures are left in place until the second layer flap is passed beneath the anastomosis in order to

facilitate this maneuver. The excess length is cut off, but the knotted traction sutures remain to minimize

tension on the anastomotic sutures during early healing.

Carinal Resection for Recurrent Tumor or Stenosis after Pneumonectomy. I have treated a number of

patients with tumor either residually present following a left pneumonectomy, as in a case with adenoid

cystic carcinoma where concurrent carinal resection should have been done initially, or where later recur-

rence of tumor such as adenoid cystic carcinoma or carcinoid had followed a left pneumonectomy (Figures

29-7A,B). These patients and others with stenosis of an anastomosis between the trachea and the right main

bronchus following prior left carinal pneumonectomy have been approached through the right chest with

gentle retraction of a ventilated right lung. This can be done conventionally using hand ventilation or with

high-frequency ventilation.

The area of the lesion is carefully dissected out, first encircling the trachea above the stump of the left

main bronchus and then the right main bronchus just below the carina. With traction on both of these

loops, the specimen is gradually dissected out, with meticulous care being taken to avoid any possible injury

to the stump of the left pulmonary artery. The pretracheal plane is bluntly dissected. Once the specimen is

resected (Figure 29-7C), end-to-end anastomosis is done in the manner already described and a second

layer closure applied (Figure 29-7D). Intrapericardial hilar mobilization is very likely to be necessary and is

best done before resection. On a rare occasion, anastomotic stenosis between the trachea and left main

bronchus after a right pneumonectomy has been managed by repeat right thoracotomy and excision of the

stenotic area deeply in the mediastinum.

In one patient who underwent extensive tracheal resection for adenoid cystic carcinoma that also

required removal of the carina and left lung, anastomotic stenosis occurred after postoperative irradiation.

The anastomotic stenosis was successfully resected through a cervical incision, for it rose that high in the

mediastinum upon cervical extension. The long-term result was excellent.

Carinal Resection for Lesions Involving Major Portions of the Trachea and Left Main Bronchus. Special

difficulties are presented by a lesion that involves a considerable length of trachea, carina, and enough of

the left main bronchus so that the left lung cannot be salvaged (Figure 29-8A). When it seemed feasible that

the right main bronchus could be elevated sufficiently to meet the length of trachea that would remain after

resection of the lesion, several approaches for resection were employed. Perelman initially advocated

approach through the right chest, stapling the left main bronchus distal to the lesion, leaving the left lung

in situ.8 However, this resulted in postoperative physiological difficulties, due to a large shunt through the

nonventilated residual lung, which later required left pneumonectomy.1 He, therefore, later advocated lig-

ating the left pulmonary artery via the right chest through an opening in the pericardium. Another option

was to perform concomitant or delayed left thoracotomy for left pneumonectomy, after the lesion had been

removed and the right-sided anastomosis completed.

The approach that I favor for this rare and difficult problem is single-stage resection and reconstruc-

tion via transverse bilateral thoracotomy through the fourth interspace across the sternum (see Figure 23-8

in Chapter 23, “Surgical Approaches”). The thoracotomy extends to the posterior axillary line on both sides

and provides generous access for carinal resection, left pneumonectomy, and anastomosis of the trachea to

the right main bronchus. The postoperative physiological burden of the incision must be considered, but

epidural analgesia for chest wall pain has made this approach safely applicable. Prolonged postoperative

ventilatory support is no longer routinely expected. Alternate exposure via median sternotomy and left

anterior thoracotomy is less satisfactory and presents technical difficulties for dissection of an extensive

tumor, bilateral hilar dissection, and reconstruction.
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FIGURE 29-7 Carinal resection for recurrent or residual tumor or for stenosis following prior left pneumonectomy. A, Recurrent tumor of some
bulk, after left pneumonectomy, is shown. Resection is done via a right thoracotomy, with right hilar intrapericardial mobilization. The right lung
is ventilated gently throughout the procedure. High-frequency ventilation may be preferred. A smaller recurrent tumor or residual tumor at the
carina, following left pneumonectomy, is resected from the left (see Figure 29-6). Residual tumor on the right after right pneumonectomy is, of
course, approached from the right. B, Tomogram showing recurrent carcinoid at the location of the left main bronchial stump in a 28-year-old
woman who had undergone left pneumonectomy 14 years previously. C, The tumor seen in Figure 29-7B was resected through a right thoracotomy.
There was no recurrence in 29 years of follow-up. D, The completed anastomosis.
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The right side of the incision including transverse sternotomy is completed initially for exploration. If

the lesion can be removed and is not so extensive that reconstruction will be unsafe, the left side of the inci-

sion is completed. After mobilizing the tumor, the trachea is divided above the tumor and a flexible ET is

threaded distally through the divided end of the trachea, past the tumor into the left main bronchus, and

is sutured into position to ventilate the left lung (Figure 29-8B). The left main bronchus, in many such

cases, cannot be conveniently transected, since there is insufficient bronchus distal to the tumor to accept

the seating of an ET. If need be, some tumor may be cored out at initial rigid bronchoscopy to provide a

channel for an ET. The right main bronchus is transected next and the specimen dissected as completely as

is possible from the right. The dissected but attached specimen, with its inlying ET, is dropped posteriorly

FIGURE 29-8 A, Carinal resection for tumor that involves a long segment of trachea and extends so far into the left main bronchus that salvage of
the left lung is impossible by present anastomotic techniques. See text for details. Reconstruction is done by end-to-end anastomosis of the right
main bronchus to residual trachea, high in the thorax. Approach is via bilateral thoracotomy (see Figure 23-8). B, Ventilation is maintained ini-
tially in the left lung through an endotracheal tube (ET), which was bronchoscopically guided past the tumor into the left main bronchus. Dissec-
tion is commenced. Right hilar intrapericardial mobilization is completed. The trachea is next divided above the tumor, and left lung ventilation
is continued via an ET placed across the operative field, into the trachea, and thence into the left main bronchus. The right lung remains collapsed.
The right main bronchus is then divided below the tumor and dissection completed, as fully as possible from the right. Anastomosis between the
trachea and the elevated right main bronchus is performed anterior to the ET and the fully-mobilized specimen.
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(see Figure 29-8B). Intrapericardial hilar mobilization of the right lung is accomplished, and anastomosis

performed between the trachea and the right main bronchus (Figure 29-8C). The right lung is expanded

and ventilation commenced on that side. The ET into the left lung is extracted, and the dissection and left

pneumonectomy completed from the left side.

Individualized Reconstruction after Carinal Resection. Unique problems present that demand individu-

alized solutions. In devising bronchoplastic procedures, the surgeon must be careful not to revert inadver-

tently to an earlier procedure that might be likely to fail. Complex tracheo- or bronchoplasties may seem

attractive, but can fail easily due to 1) deficits in healing of complex suture lines, with leak, mediastinitis,

and death, or tracheal or bronchial stenosis; or 2) early recurrence of inadequately excised neoplasm.

Wedge resections at the carina usually have little to recommend them, since they are more likely to effect

incomplete resection, can easily produce extra tension on a suture line, or cause lumenal buckling.

A solution used for a patient with adenoid cystic carcinoma, involving a long length of trachea, the

right main bronchus, and the right upper lobe bronchus, is illustrated (Figure 29-9A) as an example. Cir-

cumferential resection of that length of trachea, carina, and right main bronchus would have made recon-

struction impossible, since neither the left main bronchus nor the bronchus intermedius could have

reached the proximal trachea. Fortunately, the tumor was limited to the right tracheal wall. The dia-

grammed procedure was done after careful appraisal of the extent of circumferential tracheal involvement

(Figures 29-9B,C). The patient healed per primam, received routine postoperative irradiation, and

remained tumor free for 32 years.
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FIGURE 29-8 (CONTINUED) C, Anastomosis in
progress. All sutures have been placed between the tra-
chea (white arrow) and a short stump of right main
bronchus (black arrow). The left-sided tracheal stay
suture is clearly visible, lying on the ventilated left
lung. The cross-field endotracheal tube enters the dis-
tal transected trachea near proximal tumor and lies on
the collapsed right lung parenchyma, which is behind
the anastomosis. After completion of the anastomosis,
the right lung is ventilated, the left lung is collapsed,
the hilar structures on the left are divided, and the left
lung is extracted with the attached tracheal and cari-
nal specimen. The final anastomosis is as shown in
Figure 29-7D.C
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FIGURE 29-9 Individualized solutions to unique problems. A, This 34-year-old woman had recurrent and persistent middle lobe pneumonitis, but
a normal chest x-ray. Her adenoid cystic carcinoma involved a considerable length of the right lateral wall of the trachea, the carina on the right side,
the right main bronchus, and the right upper lobe bronchus. The necessary length of circumferential tracheal resection would have obviated tracheal
anastomosis to the left main bronchus. The bronchus intermedius would not have reached the shortened trachea. A compromise approach was
designed as diagrammed, resecting half the circumference of the trachea. B, The lateral defect was reduced markedly by resection of lateral wedges of
trachea, as diagrammed. The transected bronchus intermedius was trimmed obliquely (dotted line in A) to enlarge its circumference to fit the siz-
able defect that still remained after tailoring the trachea. C, The completed anastomosis. The woman enjoyed a good result and remains disease free
after 32 years.
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Editor’s Note

Douglas J. Mathisen, MD

All general thoracic surgeons should be familiar with bronchoplastic techniques. Every pulmonary surgeon

should at least be familiar with the therapeutic possibilities of “sleeve resection,” so that bronchoplastic

surgery is considered for appropriate lesions. The need for bronchoplastic procedure may be anticipated in

most patients, allowing preoperative planning, but some situations may not be evident until the surgical

procedure is being performed. Bronchoplastic procedures can be performed on any lobe of either lung or

mainstem bronchi. Although somewhat different techniques have been described by different authors, all

have more in common than they have differences. We employ the same principles and techniques at every

level for airway reconstruction, tracheal or bronchial.

The major goal of bronchoplastic procedures is preservation of viable lung to ensure a better func-

tional result. The preserved lung functions physiologically.1,2 At no time, however, should the desire to pre-

serve lung function interfere with sound oncologic principles. Some patients may be unable to tolerate loss

of an entire lung because of limited pulmonary reserve. In this circumstance, a bronchoplastic procedure

may be the only surgical option, and hence be “obligatory.” Careful preoperative evaluation of function and

assessment of the extent of disease are essential to avoid unnecessary thoracotomy for pathology that is not

amenable to bronchoplastic procedures and when pneumonectomy is unacceptable.

Indications

The main indication for bronchoplasty is an anatomically suitable lesion confined to a bronchus or lobe.1–5

The ideal circumstance is a benign or low-grade lesion anatomically situated in the main bronchus or at the

origin of a lobar bronchus.4,5 Anatomically suitable malignant neoplasms are also amenable to broncho-

plastic procedures.1–3 Decision is more complicated for malignant neoplasms, since clear margins are

mandatory and pathologic involvement of lymph nodes must be considered. Sleeve resection in the pres-

ence of positive mediastinal lymph nodes is debatable. If a complete in-continuity lymph node dissection

can be performed, I believe a bronchoplastic procedure is acceptable. This is obviously most applicable for
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right and left upper lobe lesions and, to a lesser extent, for left lower lobe lesions with only positive 

subcarinal lymph nodes. Many patients in this era are treated with neoadjuvant chemotherapy and radio-

therapy when mediastinal nodes are involved. Concern about the effects of radiotherapy and lymph node

dissection on bronchial healing has not been borne out in most series.1–3 We wrap all anastomoses with a

viable tissue flap, such as a pedicled pericardial fat pad. If concern exists about bronchial healing, it is best

to use pedicled omentum.6 Use of a circumferential intercostal muscle flap without complete removal of

periosteum can produce a bony ring that causes bronchial stenosis and is difficult to correct.

Contraindications

Three main relative contraindications to bronchoplasty are high-dose corticosteroids, active bronchial

inflammation, and remote (greater than 1 year prior) high-dose irradiation. Lung transplantation is

done with success while patients are on steroids. The difference from bronchoplastic procedures is the

degree of tension that exists after bronchoplasty. Low-dose steroids (5 to 10 mg of prednisone daily) are

probably safe, but the anastomosis is best buttressed with robust tissue other than pleura. It is always

important to identify active inflammation at the intended point of bronchial anastomosis, especially if

the underlying disease is tuberculosis. Airway reconstruction in the presence of active inflammation is

likely to lead to stenosis. Radiation in excess of 5,000 cGy, completed over a year prior to planned

bronchoplasty, must be viewed with circumspection. The higher the dose and the longer the interval, the

greater is the concern. When bronchoplasty is contemplated in such patients, it is prudent to wrap the

anastomosis with pedicled omentum.6,7 Omentum appears to be the most reliable anastomotic buttress

in high-risk circumstances.4 It reaches either hilum easily when pedicled on the right gastroepiploic 

arterial arcade and tunnelled substernally.

Postobstructive pneumonia is not a contraindication to bronchoplasty, provided that the lung is not

destroyed by infection. A few days’ delay for treatment with antibiotics, aspiration bronchoscopy, and pos-

sibly core-out of tumor to clear obstruction are prudent. Chronically atelectatic lung can be reinflated, with

expectation of useful function. Every attempt should be made to clear the lung of inspissated secretions.

Bedside flexible bronchoscopy is invaluable to help clear secretions. The lung may be manually reinflated

at thoracotomy by inserting a sterile endotracheal tube into the affected lobar bronchus and passing sterile

connecting tubing to the anesthesiologist.

Preoperative Evaluation

Patients must be screened from a medical standpoint to be certain that they can tolerate thoracotomy. Stan-

dard pulmonary function testing is imperative. Pneumonectomy is always possible, either for unexpected

extent of tumor or technical difficulties. Quantitative ventilation-perfusion scans should be obtained if

there is any doubt about the patient’s ability to withstand a pneumonectomy, and the potential post-

operative function should be calculated. Metastatic work-up is advisable for malignant neoplasms.

Radiologic evaluation helps to determine the extent of involvement by neoplasms and possible lymph

node involvement. Computerized axial tomography (CT) of the chest with contrast is obtained in all

patients. Magnetic resonance imaging is helpful in evaluating vascular involvement. Spiral CT scans and

virtual bronchoscopy are increasingly being used and may have a greater role in evaluating patients.

Bronchoscopy before or at the time of surgery is imperative to evaluate the extent of bronchial

involvement, quality of the mucosa, and condition of the lung to be spared. Rigid bronchoscopy with mag-

nifying telescopes is superior for this purpose. Bronchoscopy should be done by the surgeon performing

the procedure rather than relying on the observations of others. Mediastinoscopy is important for malig-

nant neoplasms. Under ideal circumstances, it is best performed at the time of planned resection. Although



not an insurmountable problem, the resulting scarring can make node dissection more difficult and dis-

tinction between scar and neoplasm more troublesome.

Anesthesia

Anesthetic considerations are discussed in Chapter 18, “Anesthesia for Tracheal Surgery.” A technique that

allows the patient to be extubated at the conclusion of the procedure is ideal. This avoids risks of endo-

tracheal tubes and positive pressure ventilation on the anastomotic suture line. Double-lumen tubes are

suitable for almost all bronchoplastic techniques for the main bronchi and lobes. One exception might be

the situation where the entire left mainstem bronchus is to be resected. It may be desirable, in this case, to

use a long single-lumen tube to ventilate the right lung. This allows the carina to be encircled from a left

thoracotomy. The aortic arch is mobilized to allow delivery of the carina into the operative field for ease of

anastomosis (see Figure 29-6B in Chapter 29, “Carinal Reconstruction”). Double-lumen tubes are some-

what larger and more rigid, making this maneuver more difficult.

Surgical Technique

General Principles

Certain principles are common to all bronchoplastic techniques. The importance of careful, meticulous

surgical technique cannot be stated strongly enough. Delicacy in handling of tissues is imperative. Unnec-

essary dissection that may devascularize the bronchial blood supply is to be avoided. This is especially an

issue when lymph node dissection is performed. Balance must be struck between the desire to remove every

last node and the need to preserve crucial blood supply. Mature surgical judgment must guide these deci-

sions. Clean, sharp lines of bronchial transection are important. Jagged, devascularized edges must be

avoided. Special concern should attend reoperation on a bronchus (as when prior lobectomy has been

done), since previous dissection and scar may damage bronchial blood supply.

Bronchial margins must be examined microscopically intraoperatively to ensure the greatest chance

for cure. Frozen sections are imperative. It is often helpful after removing the pathologic specimen to take

separate margins from the remaining ends of the airway, properly labeled, to avoid confusion for the

pathologist (see Figure 28-2 in Chapter 28, “Reconstruction of the Lower Trachea [Transthoracic] and Pro-

cedures for Extended Resection”). Once again, a balance must be struck between the need for clear surgi-

cal margins and concern about reconstructing the airway.

A variety of suture materials have been used for bronchial anastomosis. For many years, we have used

absorbable sutures to avoid development of suture line granulomas. Suture line granulomas are very rarely

encountered with absorbable sutures. Our preference has been 4-0 Vicryl sutures for anastomosis in the

adult and 3-0 Vicryl sutures for bronchial traction sutures (instead of the 2-0 sutures used for the larger

structure of the trachea). These sutures are strong, slide easily, and do not stretch while tying, giving the

surgeon an excellent feel.

Excessive tension is the enemy of successful bronchoplastic procedures. It is less of a concern for

most bronchial and lobar bronchoplasties than it is in tracheal anastomosis, but must be avoided when

suspected. The gap, after sleeve resection of most lobes, is small and anastomosis produces negligible

tension. Resection of the entire left main bronchus, however, plus or minus the upper lobe, is likely to

produce excessive tension. The same is true for the right main bronchus when the upper lobe and

bronchus intermedius are included. When tension is a concern, division of the inferior pulmonary lig-

ament and a U-shaped pericardial incision just below the inferior pulmonary vein will give added

mobility to the bronchus (see Figure 28-5 in Chapter 28, “Reconstruction of the Lower Trachea

[Transthoracic] and Procedures for Extended Resection”). It is requisite after total or subtotal excision
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of the long left main bronchus. Complete pericardial release is unlikely to be necessary. Hilar release

maneuvers are discussed in Chapter 28.

Anastomosis

Open anastomotic technique is preferred, using interrupted sutures, placed to allow the knots to be tied out-

side of the bronchial lumen. Each suture is precisely placed through the full thickness of the bronchial wall,

with minimal handling of the mucosa. Sutures are spaced proportionally with regard to different diameters

of the two bronchial margins being approximated. Traction sutures placed in the midlateral wall of both ends

of the airway allow for easy manipulation of the airway (see Figure 24-8 in Chapter 24, “Tracheal Recon-

struction: Anterior Approach and Extended Resection”), assessment of tension, and, when tied together,

reduce tension on the individual anastomotic sutures (see Figure 24-16B in Chapter 24). In most broncho-

plasties, the length of resection is insufficient to produce significant anastomotic tension, so that traction

sutures are chiefly for alignment. The traction sutures are placed full-thickness around a cartilaginous ring, at

least one ring distant from the terminal ring where anastomotic sutures are placed. The traction sutures are

used to test approximation of the two ends to determine if any release maneuvers might be necessary. They

are secured with clamps that are different from the clamps placed on the anastomotic sutures for ease of iden-

tification. Traction sutures should not be placed in the membranous wall, since they may tear as they are tied.

We use essentially the same anastomotic technique for bronchi as for the trachea. The sequences of suture

placement and the system for keeping the sutures in sequential order for tying are detailed and illustrated in

Chapter 24,“Tracheal Reconstruction: Anterior Approach and Extended Resection” (see Figures 24-14 through

24-16). The following briefly summarizes the steps in the anastomosis. If the two ends of the bronchi are

thought of as faces of a clock, the first anastomotic suture is placed at 6 o’clock (see Figure 24-14A). Sutures are

placed about 3 mm from the cut end of the bronchus and 3 to 4 mm apart. A straight clamp is placed across

the suture at a slight angle to prevent the suture from slipping through the clamp. This clamp is secured to the

surgical drapes at the head of the table with another clamp. Each subsequent suture is placed in similar fash-

ion in front of the preceding suture (see Figure 24-14B). As each successive suture is placed, the surgical assis-

tant retracts the preceding suture with a nerve hook. Sutures are clipped to the drapes sequentially caudad 

(see Figure 24-14C). The sutures will eventually be tied in the reverse order in which they were placed. Back

row sutures are placed until the lateral traction suture is reached. The surgeon changes sides of the table to place

the remaining back row of sutures on the opposite side in similar fashion, starting again at 6 o’clock and work-

ing laterally to the opposite midlateral traction suture. When the back row has been completed, the front row

sutures are placed (see Figures 24-15, 24-16). Proper spacing of these sutures is very important. The sutures are

clipped to the drapes caudad between the two rows of back wall sutures that lie on either side of the field. These

sutures are clipped to the drapes with some slack so as not to hinder the two ends from being brought togeth-

er when the traction sutures are tied.

After traction sutures are tied, the anterior sutures are tied and cut after each suture. It is important

to “slide” each suture to remove any slack that might be present. After the last suture has been tied, the field

is flooded with saline and the lung inflated to check for air leaks. The anastomosis should be airtight to a

pressure of 35 to 40 cm of water. If any leaks are found, they must be repaired. The anastomosis is inspect-

ed with a flexible bronchoscope to identify any problems that might not be apparent from the outside, so

that corrections can be made. A pedicled flap of pleura or pericardial fat is then passed around the anasto-

mosis as a buttress and to separate the suture line from nearby vascular structures (see Figure 28-4B in

Chapter 28, “Reconstruction of the Lower Trachea [Transthoracic] and Procedures for Extended Resec-

tion”). Patients should be bronchoscoped before discharge to assess viability, impending fistula, or dehis-

cence. There is no contraindication to passing a bronchoscope across the anastomosis at this time or irri-

gating with saline to remove secretions.



Special Circumstances

Size Discrepancies

There often are size discrepancies between the two ends of the airway to be joined. We believe that this is

best managed by careful spacing of sutures. Sutures should be placed closer together in the smaller end

and farther apart in the larger end. This may lead to telescoping of the two ends, but it has not produced

problems and, in fact, might be desirable (Figure 30-1). It is our feeling that removing wedges, creating

“pleats,” or incising a bronchus are to be avoided. Complex bronchial suture lines can result in problem-

atic healing. There are, of course, exceptions. The most common, albeit rare, situation to arise is when the

proximal line of transection is flush with the trachea, creating a considerably larger proximal opening.

Partial lateral closure, creating a T-junction of the anastomosis, may be required (Figure 30-2). A pedicled

intercostal muscle is preferred to buttress a potential weak spot in the anastomosis. The pedicled muscle

is preferably laid on the critical area rather than applied circumferentially and other tissue is used to com-

plete the anastomotic wrap.

Postoperative Pitfalls

Routine postoperative bronchoscopy is invaluable in identifying potential anastomotic complications. A

small necrotic area may be managed expectantly if a fistula has not actually developed. The pedicled tis-

sue wrap may seal the area. If a small fistula does develop, proper dependent drainage and cautious irri-

gation may lead to closure. If major or total dehiscence of the entire anastomosis seems imminent or has

occurred, immediate completion pneumonectomy is advised. Because the resulting pneumonectomy

stump may be short, under tension, or of poor quality, it is advisable to cover it with a pedicled inter-

costal muscle flap or omentum. It is better in this circumstance not to attempt reanastomosis unless
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FIGURE 30-1 A, Discrepancies in the size
of the bronchial ends are managed by
appropriate spacing of sutures. Resection
of wedges from the larger bronchus to
reduce its circumference is usually not nec-
essary and is ill-advised. B, Some intus-
susception inevitably occurs. Healing is
not impeded, nor are granulomas formed.

A

B
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there is no chance for survival of the patient with a calculated residual postpneumonectomy lung func-

tion. Bronchoscopy may reveal an ischemic, but not necrotic ring of bronchus. Bronchoscopy should be

performed often until the situation declares itself. If early stenosis occurs, it should be cautiously dilat-

ed to maintain patency. Small balloon dilators may be least traumatic. Sometimes, enough of an open-

ing may be maintained that nothing further is required. If stenosis is progressive and symptomatic, re-

resection may be attempted, but at least 3 months should pass before doing so. Even then, it may be

impossible to reconstruct the airway and completion pneumonectomy may be required. A bronchial

stent may also be considered.

Specific Bronchoplasties

Right Upper Lobe Bronchoplasty

Right upper lobe bronchoplasty (right upper lobe “sleeve resection”) is the most common of all broncho-

plasties (Figure 30-3A). Initial hilar dissection proceeds as in any right upper lobectomy until the bronchus

is reached. The subcarinal space is dissected, and the bronchus encircled by surgical tape at the levels of the

right mainstem bronchus and bronchus intermedius. Proximal transection of the main bronchus is usual-

ly done first, any incomplete bronchial dissection completed, and the intermedius divided. Specimens for

frozen sections are taken, as previously described. As noted, judgment must be exercised as to the extent of

lymph node dissection.

FIGURE 30-2 A, In this unusual situation, a margin of tra-
chea has had to be removed at the origin of the right main
bronchus, creating a major discrepancy with the diameter of
the bronchus intermedius. B, The tracheobronchial aperture
is reduced in size and the bronchus intermedius anastomosed
to the smaller orifice. A mattress suture is used at the junction
of the linear and circular suture lines.

A

B



Right Upper and Middle Lobe Bronchoplasty

A right upper lobe tumor that involves the middle lobe parenchyma but spares the bronchus intermedius

is best managed by right upper lobe bronchoplasty and standard in-continuity middle lobectomy (Figure

30-3B). This avoids a major size discrepancy between the right main bronchus and the right lower lobe

bronchus. It is important to preserve the peribronchial tissue around the bronchus intermedius and mid-

dle lobe bronchus.

If it is necessary to remove the bronchus intermedius up to the right lower lobe bronchus, it is impor-

tant to preserve as much of the right main bronchus as possible. Oblique transection of the right main

bronchus may sometimes facilitate anastomosis, with the obliquity of division of the lower lobe bronchus,

which is made necessary when the bronchus intermedius and middle lobe bronchus are removed (Figure

30-3C). This is necessarily done at an angle to preserve the superior segmental bronchus of the lower lobe.

These steps will minimize size discrepancy and reduce tension as well. When the entire right main stem and

bronchus intermedius are removed, it may be necessary to incise the pericardium beneath the inferior pul-

monary vein to release the hilar structures and reduce anastomotic tension. The anastomosis is done as

described for right upper lobe bronchoplasty.

Right Lower and Middle Lobe Bronchoplasty

When a tumor of the right lower lobe extends proximally along the bronchus intermedius to compromise

the point of the bronchial transection, it is possible to preserve the upper lobe (Figure 30-3D). The lower

and middle lobectomy proceeds as usual until only the bronchus remains. The bronchus is transected at the

level of the right main bronchus and the origin of the right upper lobe bronchus. The upper lobe bronchus

is properly aligned with the right mainstem bronchus. Size discrepancy is usually managed with careful

placement and spacing of anastomotic sutures. Even though the right upper lobe originates perpendicular

to the right main bronchus, rotating it 90 degrees aligns the bronchi without causing torsion or kinking of

the major vessels. Alternatively, judicious trimming of both bronchial stumps, slightly on the oblique, can

simplify alignment. If mediastinal lymph nodes are involved by tumor, this operation may not be oncolog-

ically sound. Right pneumonectomy may then be preferable.

Left Upper Lobe Bronchoplasty

Left upper lobe bronchoplasty is very similar to right upper lobe bronchoplasty (Figure 30-3E). The dis-

section is identical to a standard left upper lobectomy until the bronchus is reached. The pulmonary artery

is retracted, the mainstem bronchus is divided, and then the bronchus to the left lower lobe. The bronchial

ends are naturally in alignment.

Left Lower Lobe Bronchoplasty

This procedure is very similar to the procedure for right lower and middle lobe bronchoplasty (Figure 

30-3F). The lower lobe resection is carried out in standard fashion until the bronchus is reached. The

bronchus to the left upper lobe is divided at its origin, and the left main bronchus just proximal to the take-

off of the left upper lobe bronchus. Traction sutures are placed to ensure proper alignment. The remainder

of the anastomosis is carried out as described previously.

I have occasionally had difficulty with left-sided bronchoplastic procedures using standard techniques.

The problem has usually been related to airway alignment causing kinking or twisting of the anastomosis. It

is difficult to know if this is related to the presence of the aorta or pulmonary artery or both. Sometimes, the

problem can be anticipated beforehand because the airway does not appear to line up properly. At other

times, it is only determined by bronchoscopy, after completion of the anastomosis. I have dealt with this sit-
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FIGURE 30-3 Diagrams of specific bronchoplasties. A, Right upper lobe. B, Right upper lobe and middle lobe. C, Right upper and middle lobe with
resection of the bronchus intermedius. D, Right lower and middle lobe. E, Left upper lobe. F, Left lower lobe. G, Main bronchial resection. H, Seg-
mental bronchoplasty.

A B C
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uation by modifying the standard technique as follows. Traction sutures still help with alignment, reduction

of anastomotic tension, and bringing the ends of the airway together. The modification consists of placing

and tying individual sutures serially. The traction sutures are held together to reduce tension on the first two

sutures, and ultimately are tied at the completion of the anastomosis. As each subsequent anastomotic suture

is carefully placed and tied, the surgical assistant helps to “roll” the distal bronchus into perfect alignment.

Alternatively, beveling the bronchial ends can assist in alignment for anastomosis.

Right and Left Mainstem Bronchi

Resection of the mainstem bronchi encompasses the same principles as the previously described procedures

(Figure 30-3G). The single most important difference is exposure of the left mainstem bronchus. If the resec-

tion requires removal of the proximal left mainstem bronchus, it may be necessary to mobilize the aortic

arch for adequate exposure. The aorta is dissected circumferentially to allow passage of tapes for retraction,

in order to expose the bronchus fully (see Figure 29-6B in Chapter 29, “Carinal Reconstruction”).

Care must be taken to avoid injury to intercostal vessels originating from the aorta. These can be dif-

ficult to repair. The recurrent laryngeal nerve must be protected from direct traction or injury, since it pass-

es beneath the aorta. It may be necessary to encircle the distal trachea and right mainstem bronchus with

tapes for retraction. With additional cervical flexion, this allows the carina and the proximal left main

bronchus to be delivered into the operative field, simplifying anastomosis. Resection of most or all of the

left mainstem bronchus produces tension, which will require intrapericardial mobilization. Angulation of

the pulmonary artery has not been a problem.

On rare occasions, a limited lesion involving only the very proximal left mainstem bronchus may be

approached from the right side. If more than just the very proximal left main stem is involved, it would be

very difficult to do the operation through a right thoracotomy. Airway management is more complicated in

this case. Since exposure is through the right chest, it is desirable to deflate the right lung. This is accomplished

with an extra-long single-lumen endotracheal tube, positioned in the left mainstem bronchus at the begin-

ning of the operation. The right lung remains deflated during dissection of the left main bronchus. After the

left mainstem bronchus is transected and the specimen removed, ventilation is carried out across the opera-

tive field with a sterile endotracheal tube inserted into the open left mainstem bronchus. The tube can be safe-

ly removed for brief periods of apnea to allow suture placement. Traction sutures and anastomotic sutures are

placed exactly as described previously. Once all anastomotic sutures have been placed, a decision must be

made on how to ventilate the patient while tying the anastomotic sutures. The long endotracheal tube may be

advanced back into the left main bronchus and the left lung ventilated. This is the most convenient option for

tying the sutures, but it may make approximation of the ends of the airway difficult. The right lung may be

ventilated intermittently and retracted while sutures are tied. This method is somewhat awkward. A high-

frequency ventilation catheter can be advanced from above to ventilate one or both lungs and is an effective

method of maintaining ventilation. The final method is to use the endotracheal tube (in the trachea) to ven-

tilate the patient, accepting some air leak until the anastomosis has been completed. A finger can be used to

temporarily occlude the opening in the anastomosis if more efficient ventilation is required.

Segmental Bronchoplasty

We have performed a number of sublobar sleeve resections. Very precise anastomosis of smaller segmental

bronchi is required. In some cases, such as excision of the carina between the upper and lower divisions of

the left upper lobe bronchus for a tiny carcinoid tumor, without pulmonary resection, exposure is difficult

because all segmental vessels must be preserved (Figure 30-3H). With patient dissection and meticulous

reconstruction, results have been good in these cases. Repeated flexible bronchoscopic aspiration may be

necessary postoperatively to prevent early atelectasis.
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Bronchoplastic and Angioplastic Procedures

When the tumor involves both the bronchus and pulmonary artery, consideration is given to sleeve resec-

tions of both the bronchus and pulmonary artery in order to avoid pneumonectomy. Judgment must be

exercised to determine whether such a procedure can be done without violating oncologic principles.

Combined angioplastic and bronchoplastic procedures have historically been associated with higher

morbidity and mortality rates than bronchoplasty procedures alone.8 Morbidity and mortality have

decreased, and survival increased, as more experience has been gained. Major complication has been relat-

ed to the demands of the pulmonary artery anastomosis. Just the right amount of tension is required to

avoid kinking, twisting, or narrowing of the artery. It is imperative to interpose a viable tissue pedicle

between the two suture lines to minimize the risk of bronchovascular fistula. When the point in the oper-

ation is reached for division of the artery and airway, proximal and distal control of the pulmonary artery

must be secured. Intrapericardial control of the artery may be advisable. Proximal occlusion requires a vas-

cular clamp or a tourniquet, whereas distal control is achieved either with the use of vessel loops around

the lower lobe pulmonary arterial trunk and its branches, or by occlusion of the pulmonary veins. It is

preferable to perform the arterial anastomosis first. Heparin 5,000 U is administered intravenously prior to

clamping. The pulmonary artery is either divided to conduct a sleeve resection or part of the circumference

is resected. I prefer 4-0 or 5-0 continuous Prolene sutures for the arterial anastomosis. Two sutures are used

to avoid the risk of “purse stringing” the anastomosis. Sleeve resection shortens the artery, avoids angula-

tion, and is preferred to near-circumferential patching, particularly if a bronchial sleeve resection is com-

bined with arterial resection. After lateral resection, transverse closure is considered to prevent kinking. For

patch repair, autologous or bovine pericardium is available. Rendina and colleagues have reported the use

of a conduit made of autologous pericardium,9 but prefer bovine pericardium for patch repair because the

material is stiffer and easier to handle.10 Before tying the last suture, the proximal clamp is removed to flush

any clots. The same is done with the distal clamp. If concern arises about patency of the arterial anasto-

mosis, pressures taken on either side of the anastomosis will show if a significant gradient exists. The

bronchoplasty is performed in exactly the same manner as earlier described. After completion, the recon-

struction needs to be carefully inspected during inflation of the lung for angulation of the artery. While in

hospital, subcutaneous heparin is administered at doses for prophylaxis of deep vein thrombosis. No addi-

tional anticoagulation is administered.

Editor’s Note

“Sleeve lobectomy”—bronchoplastic resection—was slow to be adopted by thoracic surgeons. Earlier con-

cerns about oncologic validity have been allayed by data that support its use in appropriately selected

patients (see Chapter 16, “Bronchial Sleeve Resection”). Two feared complications—bronchostenosis and

bronchovascular fistula—show a vanishing incidence when the procedure is done in accord with the prin-

ciples that Dr. Mathisen elucidates. These are precise dissection, preservation of blood supply, meticulous

anastomosis, elimination of anastomotic tension, anastomotic buttressing, and interposition of viable tis-

sue between bronchial and vascular structures.

Hermes C. Grillo
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C H A P T E R  T H I RT Y- O N E

Repair of
Tracheobronchial Trauma

Acute Trauma

Chronic Injuries

Hermes C. Grillo, MD

Acute Trauma

The diversity of tracheal trauma in location, extent, complexity, and possible involvement of the adjacent lar-

ynx, esophagus, and major vessels demands a variety of approaches, techniques, and ingenuity for repair.

These aspects are reviewed in Chapter 9, “Tracheal and Bronchial Trauma.” Principles of repair are as follows:

1) Immediate establishment of a secure airway;

2) Complete assessment of the extent of injuries including those of the larynx, the functional state of

vocal cords, possible esophageal laceration, damage to major vessels, and spinal injury;

3) Optimal exposure for repair;

4) Conservative débridement of damaged tracheobronchial tissue;

5) Meticulous reconstruction of all injured structures;

6) Internal laryngeal splinting after a crushing injury to the larynx;

7) Provision of an adequate postoperative airway, usually by tracheostomy, if glottic paralysis or swelling

exists;

8) Gastrostomy and jejunostomy, if needed, to prevent aspiration and to provide alimentation due to com-

promised laryngeal function or significant esophageal injury.

Typical injuries are illustrated in this chapter. The surgeon must use initiative and ingenuity in dealing

with the multiple variations that may present, while following established principles of tracheal reconstruction.

Cervical Trauma

Airway Management. The first priority in management of upper airway injury is establishment of a

dependable airway. Even the patient with little or no sign of airway obstruction, but with suspected or

demonstrated airway separation may decompensate rapidly. Equipment for intubation, flexible broncho-

scopy, rigid bronchoscopy, and tracheostomy should be immediately available. An anesthesiologist should
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be in attendance. The surgeon should attempt to pass an endotracheal tube, preferably over a flexible bron-

choscope (see Figure 10-1A in Chapter 10, “Tracheostomy: Uses, Varieties, Complications”). Blind intuba-

tion is better avoided, although it may succeed. The ends of the separated trachea may be offset, and the

appearance of the gap on bronchoscopy may be confusing, with torn tissue and blood. The fact that the

patient can breathe, however poorly, proves that there is an air channel through the disruption. Usually, a

flexible bronchoscope can be threaded into the distal trachea and the endotracheal tube slipped in over it.

Some assessment of the larynx also is made in passing, but it may not be entirely satisfactory. Rigid bron-

choscopy is considerably more difficult, unless the patient is less responsive. It should not be used if there

is any hint of cervical spine injury. Drugs that depress respiration are to be avoided. If an attempt to insert

a flexible bronchoscope fails, the surgeon should proceed directly to emergency tracheostomy. This is one

of the few remaining indications for emergency tracheostomy. Since all maneuvers may have to be tele-

scoped into a few minutes, it is essential that necessary instruments be at hand at the outset. Upon enter-

ing the neck, the surgeon may encounter a mass of lacerated, swollen, and contused tissues and blood clots.

The trachea will not be seen if it has retracted into the mediastinum. The simplest way to find the distal

trachea in these circumstances is to insert a finger into the mediastinum to seek the lumen. The edge of the

trachea is grasped with an instrument such as Allis forceps and drawn upward into the base of the neck.

The torn distal end is intubated directly across the field.

After suctioning and stabilization of the patient, two courses of action are open. Examination of extent

of injury may be completed and the airway injury repaired. If more pressing concerns demand attention,

such as major vascular injury, intracranial damage, or intra-abdominal hemorrhage, or if the attending sur-

geon is not versed in the techniques of airway reconstruction, it may be preferable to settle for the security

of a tracheostomy. The distal end of the severed trachea is fixed to tissues at the base of the neck with a few

sutures, and a cuffed tracheostomy tube is placed directly into the distal end. Minimal or no débridement is

done. The neck is drained. Damage to the esophagus or pharynx must be repaired at once and suitably rein-

forced to prevent secondary leakage. If tracheostomy alone is elected for interim management of the injury,

the tube should be placed in the already open end of the distal trachea and not in a new opening made in

the tracheal wall below the rupture. The latter would further damage the trachea, accomplish nothing of

value, and complicate future definitive repair. The proximal airway opening is exteriorized or drained.

Approach. The cervical trachea is approached through a low-collar incision. Extension is not often need-

ed, but the field should be prepared to permit vertical partial or complete sternotomy.

Tracheal Laceration. A partial injury confined to the anterior tracheal wall alone is débrided conservative-

ly if the injury is blunt, and repaired directly, if possible, with interrupted 4-0 Vicryl sutures. A penetrating

injury caused by a sharp instrument such as a knife is more simply repaired (Figure 31-1A). Loss of a piece

of anterior tracheal wall, as occurs due to a missile, whether a flying industrial fragment or a bullet, on rare

occasions may be débrided and repaired. However, if the damaged segment is of any great length, it is best

managed by resection of the involved segment of trachea and end-to-end anastomosis (Figure 31-1B). The

surgeon must be wary of wide wedge resections, which can result in obstructive kinking of the trachea. In

these missile-induced injuries, the airway is established easily by endotracheal intubation because the trachea

remains in continuity. Tracheostomy is not routinely necessary. Its use depends on the adequacy of glottic

function. If tracheostomy is performed distal to the level of injury, it is sealed from the anastomosis by sutur-

ing strap muscles or the thyroid isthmus over the anastomosis and to the trachea. If the level of the injury

pushes the tracheostomy into potential proximity to the brachiocephalic artery, the artery is protected from

the tracheostomy site by suturing a strap muscle obliquely across the anterior surface of the trachea beneath

the tracheostomy and above the artery (Figure 31-1C).
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FIGURE 31-1 Acute cervical tracheal injuries. A, A sharp wound such as that caused by a knife is cleansed and sutured with interrupted 4-0 Vicryl
sutures, after inspection of the surrounding structures (esophagus, carotid artery, jugular vein). A recurrent laryngeal nerve may be traumatized. B,
Irregular penetrating injury caused by a bullet or a military or industrial fragment requires débridement at minimum. Usually, limited circumferen-
tial resection is preferable to angulated closure after wedge excision, and to local tissue patches, which are subject to leakage, accumulation of granula-
tion tissue, and cicatricial stenosis. C, Tracheal separation is most often due to blunt cervical trauma (“clothes line” or “dashboard” injuries). One
or both recurrent laryngeal nerves may be injured. Limited débridement and a direct anastomosis is performed. Hence, tracheostomy distal to injury
and repair is needed. If the tracheostomy is adjacent to the brachiocephalic artery, sternohyoid muscle is sutured to the trachea beneath the stoma
to protect the artery from erosion. The anastomosis is covered by suturing strap muscles together or by suturing the thyroid isthmus over the anas-
tomosis (and to the trachea). If endotracheal intubation is selected but tracheostomy is likely to be needed after a few days, coverage of the anasto-
mosis and the artery is done, and the site of the future tracheostomy is marked with a single silk suture.

A B

C
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Tracheal Separation. A patent airway must be ensured urgently after acute tracheal separation. Cervical 

tracheal separation due to blunt injury often occurs just beneath or a short distance below the cricoid 

cartilage (see Figure 31-1C). Serrated tracheal margins are conservatively débrided. Careful determination

is made by esophagoscopy and intraoperative examination that the esophagus is not lacerated. Instillation

of dye high into the esophagus may be difficult to interpret since dye may flood up through the cricopha-

ryngeus and down through the glottis, and appear in the operative field. Following débridement, the tra-

chea is precisely anastomosed with 4-0 Vicryl sutures, using the technique described in Chapter 24,

“Tracheal Reconstruction: Anterior Approach and Extended Resection.” Since negligible loss of trachea has

occurred, approximation is without tension, despite the apparently wide separation initially observed of the

tracheal ends. In complete tracheal separation, recurrent laryngeal nerves are either temporarily or, more

often, permanently injured unilaterally or bilaterally. Tracheostomy is usually needed distal to the line of

repair. If tracheostomy is clearly necessary, the endotracheal tube for intraoperative ventilation may be

placed at the outset through a vertical tracheostomy incision in an elective location below the laceration,

thus simplifying débridement and anastomosis. Tracheostomy should lie at least 1 to 1.5 cm away from the

anastomosis and not directly adjacent to the brachiocephalic artery. If these conditions cannot be met, it

may be safer to manage the patient with endotracheal intubation for 4 or 5 days until the area has sealed,

and then to establish a tracheostomy in a previously marked site.

Recurrent laryngeal nerves are not dissected since there are presently no reliable methods for reanas-

tomosis. The larynx is reassessed by a skilled otolaryngologist after initial healing to determine what further

procedures may be necessary to improve function, thereby permitting eventual closure of the tracheostomy.

Tracheal Separation with Laryngeal Damage. It is not the purpose of this section to describe all intricacies of

blunt or sharp trauma to the larynx. However, the larynx may incur diverse injuries due to the level and force of

the trauma in addition to avulsion of trachea from larynx (see Figure 9-1 in Chapter 9,“Tracheal and Bronchial

Trauma”). Conservative débridement is the rule. Assessment of laryngeal injury is best performed with the co-

operation of an experienced otolaryngologist. Early repair of complex laryngeal injuries should be made by an 

otolaryngologist. Therefore, only a brief statement about these injuries follows. Laryngeal structures such as a

fractured or separated thyroid or cricoid cartilages should be repaired carefully with Vicryl sutures. Arytenoid

and vocal cord injuries require repair. A trimmed tracheal edge is precisely anastomosed to the inferior margin

of a repaired cricoid cartilage (Figure 31-2A). If laryngeal injuries are significant, internal splinting is advisable.

Stents have been devised for this purpose, such as the molded silicone stents devised by Montgomery.1 The 

tracheostomy is placed distal to a laryngotracheal anastomosis (Figure 31-2B). In some cases, a T tube passing

through the vocal cords may serve as an appropriate splint (Figure 31-2C). Eliachar and Nguyen devised a 

hollow-shaped laryngeal stent that rests on a tracheostomy tube lying just below it (Figures 31-3A,B).2

Separation of the airway at the cricotracheal junction may cause avulsion of posterior subglottic

laryngeal mucosa from the cricoid plate. If this occurs, only limited débridement of the irregular edges of

the flap attached to the trachea should be done. The preserved flap is used to resurface the bared posterior

cricoid cartilaginous plate (Figure 31-4A). All bared cartilage should be covered with mucosa. If the flap is

of insufficient length to surface the cartilage easily, slight further removal of anterior tracheal cartilage,

especially on the lateral sides, will adequately lengthen the posterior flap. This flap is similar to that pre-

pared surgically for primary repair of laryngotracheal stenosis (see Chapter 25, Laryngotracheal Recon-

struction”). If the cricoid cartilage has not also been divided anteriorly by the injury, exposure for repair is

facilitated by a limited anterior midline cricoid fissure (Figure 31-4B).

Tracheal and Esophageal Separation. Blunt injuries that lead to laryngotracheal separation or upper tracheal

rupture also may produce laceration or separation of the upper esophagus, or pharyngoesophageal separation.
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FIGURE 31-2 Blunt trauma resulting in laryngotracheal separation and laryngeal fracture. A, Many patterns of injury may occur, including frac-
tures of supra- and infraglottic larynx, vocal cord injury, arytenoid dislocation, and mucosal laceration. Very conservative laryngeal and conserv-
ative tracheal débridement precedes repair. The larynx and glottis are meticulously repaired, and laryngotracheal anastomosis is performed. A mat-
tress suture can be employed at the “T” meeting of laryngeal and laryngotracheal suture lines. Distal tracheostomy is used for intraoperative
anesthesia, since it is required postoperatively due to recurrent nerve injuries. B, If the larynx is crushed or deformed by the injury, it is reconstructed
around a Montgomery laryngeal molded stent. The tracheostomy tube is in place. C, Silicone T tube employed as a stent. The proximal end lies in
the laryngeal ventricle, below the false vocal cords.
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FIGURE 31-3 A, Montgomery molded silicone laryngeal stent designed to conform to the endolaryngeal surface. It is avail-
able in three sizes: adult male, adult female or adolescent, and child. The stent is held in place with sutures. B, Eliachar
laryngeal stent. It is held in place against a tracheostomy tube and by contour, with an added strap tied to the neck.

A
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Complete traumatic separation of the airway provides easy access to the esophagus (Figure 31-5A). However,

anatomic planes may be confused by the trauma. Access is improved by placing traction sutures of 2-0 Vicryl

in the lateral laminae of the cricoid cartilage. These must be firmly anchored in cartilage, but they do not enter

the lumen of the larynx. Elevation of the larynx by traction on these sutures improves access to the retracted

proximal pharyngoesophageal or esophageal tissues. Identifying sutures are placed at critical points in the

esophageal mucosa proximally. The distal end is similarly identified. Very conservative débridement is accom-

plished. Precise two-layer anastomosis of the distal to the proximal esophageal segments or of the distal esoph-

agus to the proximal pharyngeal segment is accomplished (Figure 31-5B). The author prefers 4-0 Vicryl sutures.

In circumferential separation, the first layer consists of interrupted mattress sutures from the posterior mus-

cularis of the distal esophagus to the proximal posterior esophageal or cricopharyngeal musculature. Next, the

posterior mucosa is approximated with interrupted sutures, placed so that the knots lie inside the lumen. After

completing the back wall of the mucosal anastomosis, these sutures are continued anteriorly, inverting the

mucosa as they are tied. Anastomosis is difficult when avulsion is at the cricopharyngeus. Minimal dissection

may be required anteriorly to free up an edge of tissue between the pharyngeal mucosa and the back of the pos-
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FIGURE 31-4 Blunt laryngotracheal rupture with avulsion of posterior laryngeal mucosa. A, Anterior fissure of cricoid and
cricothyroid membrane provides access to posterior subglottic larynx. Mucosal edges are very conservatively trimmed. The
posterior mucosal flap avulsed from over the posterior plate of cricoid is conservatively débrided, as is the trachea anteriorly
and laterally. B, The avulsed posterior flap is used to cover the bared posterior plate of cricoid. Interrupted 4-0 Vicryl sutures
are placed with knots outside of the mucosa. The technique is as described for laryngotracheal reconstruction in Chapter 25,
“Laryngotracheal Reconstruction.” Tracheostomy is used for intraoperative anesthesia as in Figure 31-2A.

A
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terior cricoid plate. After the mucosal closure has been completed, it is usually possible to suture the anterior

esophageal musculature either to muscle or to connective tissue lying just behind the lower edge of posterior

cricoid. With lower lacerations, suturing is correspondingly easier. Extreme care and precision is necessary to

obtain satisfactory closure. A pedicled strap muscle is sutured transversely over the esophageal closure prior to

restoring the airway (Figure 31-5C). This interposition prevents later tracheoesophageal fistula. Tracheostomy

is almost always needed (Figure 31-5D). Linear esophageal lacerations are minimally débrided, closed in two

layers with interrupted sutures, and covered with a pedicled strap muscle.

Iatrogenic Tracheal Laceration. Lacerations of the trachea caused by endotracheal intubation are linear

and occur in the membranous wall of the distal trachea centrally or at the junction with the cartilaginous

wall. These may extend into the main bronchus, principally the right side (see Chapter 9, “Tracheal and

Bronchial Trauma”). Upper lacerations are approached cervically. Lower injuries are usually repaired

FIGURE 31-5 Combined cervical tracheal and esophageal rupture due to blunt injury. A, The esophageal injury may be
anterior or circumferential. Access is improved with traction sutures of 2-0 Vicryl firmly placed extraluminally in the later-
al cricoid laminae. Irregular edges are débrided. Note the endotracheal tube in the elective tracheostomy incision. The laryn-
geal and tracheal margins also are conservatively débrided. B, Esophageal or pharyngoesophageal reconstruction is per-
formed with two layers of interrupted 4-0 Vicryl (or silk) sutures, according to Richard Sweet’s technique (see text). The
mucosal layer is inverted. Limited dissection behind the posterior margin of posterior cricoid provides sufficient mucosa and
tissue for a layered anastomosis. Special care is used in dissection, even though recurrent laryngeal nerves are likely to have
been divided in such an injury if esophageal division is complete.

A B



transthoracically. Angelillo-Mackinlay has described access to a midtracheal membranous tear via anterior

linear tracheotomy.3 A laceration near the carina, especially if it extends into the main bronchus, is

approached most readily by thoracotomy, usually on the right side. In the unlikely case in which the entire

trachea must be exposed, a cervicomediastinothoracic or “trapdoor” incision extending to the right side

may be used. Although concomitant esophageal injury is rare in these patients, it should be ruled out.

Tracheal laceration generally is best repaired when recognized. In selected cases, conservative treat-

ment may be successful but only with careful observation.4 The laceration should be linear and short in

length, clinical manifestations should be minor, and the situation should be stable and without progression

of signs or symptoms. When these are in question, prompt and skillful repair is more appropriate.

Thoracic Trachea and Bronchi

Crushing chest injuries can result in trauma to the mid- and lower trachea. Partial or complete trans-

verse tracheal division may follow sternal fracture and other chest wall injuries (see Chapter 9, “Tracheal

and Bronchial Trauma”). A spiraling rupture from the carina, either through the cartilaginous or mem-

branous tracheal wall, may occur alone or in conjunction with main bronchial injuries (see Chapter 9,

“Tracheal and Bronchial Trauma”).
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FIGURE 31-5 (CONTINUED) C, A pedicled sternohyoid muscle is sutured over the enteric anastomosis. Its bulk does not inter-
fere with laryngotracheal anastomosis. D, Laryngotracheal (or tracheotracheal) anastomosis is completed in the usual fashion
using 4-0 Vicryl sutures. A tracheostomy tube is placed at the conclusion of the operation.



640 Surgery of the Trachea and Bronchi

Precise bronchoscopic identification of the injury and its level, as well as priorities of concomitant

injuries, determine the approach. The rare injuries confined to the midtrachea, particularly if they are ante-

rior or transecting, are managed by upper sternal division with retraction of the great vessels. Débridement

and repair follow the principles of tracheal reconstruction. Transpericardial exposure is a further option,

but it is unlikely to be necessary (see Chapter 23, “Surgical Approaches”).

Injuries to the lower portion of the trachea, those to the carina, and those that involve the main bronchi

are best approached transthoracically for adequate exposure. A right posterolateral thoracotomy is usually the

most satisfactory overall incision. It allows access to the trachea, carina, and esophagus, and also to both right

and left main bronchi. If the left main bronchus alone is ruptured, a left posterolateral thoracotomy (fourth

interspace or fifth rib) is preferred. The aortic arch may be retracted; care must be taken not to injure the left

recurrent laryngeal nerve. The carina may be brought into view with tapes around the trachea and the right

main bronchus. A flexible endotracheal tube permits this angulation (see Chapter 29, “Carinal Reconstruc-

tion”). If a cervical spine fracture complicates intrathoracic tracheal, carinal, or bronchial injuries, the spine

may be stabilized with cranial tongs. A tracheal approach is then accomplished through a median sternotomy

or a trapdoor exposure, which does not require a lateral thoracotomy position. The trapdoor incision allows

easier access to the posterior wall of the trachea, bronchi, and esophagus than does a sternotomy alone.

Lobar and segmental bronchi also can be repaired if pulmonary damage is not too severe. A contused

and hemorrhagic lung is often salvageable despite an initially discouraging appearance. An extra-long endo-

tracheal tube with a flexible armored tip (a Wilson tube) is placed in the intact bronchus with the aid of a flexi-

ble bronchoscope (see Chapter 18, “Anesthesia for Tracheal Surgery”). The bulk and relative rigidity of double-

lumen tubes can make tracheobronchial repair difficult. The endotracheal tube can be further adjusted or

guided by finger pressure intraoperatively. Intubation across the operative field is not usually needed, but tub-

ing and equipment for cross-field ventilation should be available since findings may be unpredictable, despite

preoperative evaluation. Jet ventilation is unlikely to be needed, but it should be available for injuries that

prove to be complex, such as a tracheal rupture at the carina combined with bilateral bronchial lacerations.

Cardiopulmonary bypass should be avoided because the heparinization necessary may produce

bleeding at the sites of trauma and operation. On an exceedingly rare occasion, such as the finding of a con-

current false aneurysm of the pulmonary artery at the origin of the main pulmonary artery in conjunction

with bronchial rupture, bypass may be needed.5

After limited débridement, more or less linear tracheal and bronchial lacerations are repaired

directly with interrupted 4-0 Vicryl sutures (Figures 31-6A,B). Transections and near transections are

conservatively trimmed to intact tissue and anastomosed. Less often, limited resection and reanastomo-

sis is indicated, particularly with missile wounds. Lacerations may be irregular. Débridement of the tra-

cheal wall in linear or spiral injuries is necessarily limited. For this reason, as well as on general prin-

ciple, the author believes it advisable to buttress intrathoracic repairs. The pericardial fat pad elevated

carefully to preserve blood supply offers a good second layer, particularly for circumferential tracheal or

bronchial suture lines. It serves to seal the repair, and it provides important tissue interposition between

suture line and adjacent major blood vessels. An intercostal muscle pedicle flap is excellent to buttress a

long membranous wall injury or a linear esophageal repair, interposed between the esophagus and the

trachea, where suture lines would otherwise be adjacent (Figure 31-6C). It should not be used for cir-

cumferential wrapping (see Chapter 28, “Reconstruction of the Lower Trachea [Transthoracic] and Pro-

cedures for Extended Resection”). Other tissues that may be used for second layers, although less effec-

tively, are the pericardium and the pleura.

Esophageal perforation or laceration must be sought, both by direct inspection and by instillation of

a bolus of methylene blue-stained saline into the esophagus through a nasogastric tube. The esophagus is

repaired in two layers with interrupted sutures.



The tracheobronchial repair should be visualized via flexible bronchoscopy at the close of the proce-

dure. Prompt or early extubation is preferred. If postoperative ventilation is required, an effort is made to

avoid placing the cuff of the endotracheal tube against the suture line. Gas pressure of ventilation is less

inimical to healing than is the irritating contact of an inflated cuff. The lowest effective pressures should be

employed for ventilation and for cuff inflation.

Chronic Injuries 

Trachea 

A tracheostomy is usually present in patients who present for delayed repair of tracheal separation. Unilat-

eral or bilateral vocal cord paralysis is likely to be present. Several of our patients have also had acquired

tracheoesophageal fistulae.6 A patient must no longer require ventilation assistance to be a suitable candi-

date for an operation. An interval of 4 to 6 months should elapse after injury or previous tracheal surgery

to allow for subsidence of inflammation and maturation of a scar. If further procedures are anticipated to

correct or ameliorate other systems (such as orthopedic operations), these are best completed before the

tracheal repair to avoid risk of repeated ventilation after tracheal reconstruction.

Complete evaluation of laryngeal structure and function is essential and is preferably done by an

experienced otolaryngologist. This author prefers to see any laryngeal deficits corrected while the preexist-

ing tracheostomy is still in place, to be certain that correction is achieved prior to the tracheal repair. If

simultaneous repair of the glottis and trachea is done, a new tracheostomy or splinting T tube is usually

necessary. The procedure becomes more complicated if the trachea must be markedly shortened in the

repair. As emphasized in Chapter 9, “Tracheal and Bronchial Trauma,” a completely paralyzed larynx can be

made functional and will subsequently justify reconnection of a chronically separated trachea.

After complete radiologic and endoscopic examination, repair is undertaken as described in Chapter 24,

“Tracheal Reconstruction: Anterior Approach and Extended Resection,” and Chapter 25, “Laryngotracheal
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A

FIGURE 31-6 A, Intrathoracic lower tracheal laceration with accompanying esophageal tear. Exposure is via a right pos-
terolateral thoracotomy after guided intubation of the left main bronchus with an extra-long endotracheal tube. Only
enough dissection is done to expose the injuries fully. The closeness of the left recurrent laryngeal nerve in the left tracheo-
esophageal groove is kept in mind. Tracheal lacerations may vary in extent, location, and spiral course, and may involve the
main bronchi. Little débridement is necessary or permissible.
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Reconstruction.” A dense post-traumatic scar is to be anticipated. Since a severed trachea descends into the

mediastinum, the gap between proximal and distal airway segments may not indicate the true length of

destroyed trachea. Dissection of the anterior surface of distal trachea may initially be difficult, and care must

be taken to protect the brachiocephalic artery. If a tracheoesophageal fistula is present, it is repaired and but-

tressed with a pedicled strap muscle prior to completing the airway anastomosis. Since laryngeal adequacy is

established prior to late tracheal reconstruction, there should be no need for a complementary tracheostomy.

B

C

FIGURE 31-6 (CONTINUED) B, The tracheal laceration is repaired with interrupted 4-0 Vicryl sutures. The esophagus is closed with two
layers of interrupted 4-0 sutures. The mucosa is inverted, and the muscularis is closed with mattress sutures. C, A long intercostal 
muscle pedicle has been raised, preferably during the thoracotomy, on the basis of identification of the tracheal laceration on preopera-
tive bronchoscopy. The pedicle is sutured over the line of tracheobronchial repair with multiple fine sutures—not merely “tacked” in
place. There should be no air leak on a test at this point. The esophageal closure usually falls on the pedicle. Additional sutures may be
used to buttress the esophageal suture line against the intercostal flap.



Mid- or lower tracheal fracture may initially go unrecognized and present as a stricture. Such a

patient usually has not undergone prior tracheal surgery and is a candidate for early repair. The anterior

approach described in Chapter 23, “Surgical Approaches,” is used.

Bronchi 

A delay in the diagnosis of bronchial rupture is too common. Resection of the resultant stricture with pri-

mary reconstruction must be done as soon as it is diagnosed. A right or left posterolateral thoracotomy is

elected as is appropriate. A single-lumen Wilson tube is placed in the opposite main bronchus for anesthe-

sia. The bronchus is trimmed to healthy tissue on either side, without stripping its blood supply. The dis-

tal bronchial tree is suctioned, irrigated, and cultured. Gentle insufflation prior to anastomosis will demon-

strate the expandability of the atelectatic obstructed lung. Even long-collapsed lungs may regain significant

function. Precise anastomosis is done with 4-0 Vicryl interrupted sutures. On rare occasions, intrapericar-

dial hilar mobilization may be a useful adjunct. The anastomosis is wrapped as previously noted. Broncho-

scopic examination is performed before chest closure.
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Surgery for Tracheomalacia,
Tracheopathia Osteoplastica,
Tracheal Compression, and Staged
Reconstruction of the Trachea

Tracheomalacia

Tracheopathia Osteoplastica

Postpneumonectomy Syndrome

Straight Back Syndrome

“Hairpin” Aorta

Cutaneous Tube Reconstruction of the Trachea

Hermes C. Grillo, MD

In this chapter, techniques are described that are used to correct airway obstruction due to the following

conditions:

1) Acquired tracheomalacia

2) Tracheopathia osteoplastica

3) Postpneumonectomy syndrome

4) Straight back syndrome

5) “Hairpin” aorta

Treatment of tracheal compression due to two unique conditions—postpneumonectomy syndrome

and straight back syndrome—are described below. Compression due to an unusual variant of a vascular ring,

which I term “hairpin” aorta, is also noted. Obstructive compression by extrinsic masses is discussed in

Chapter 15, “Tracheobronchial Malacia and Compression,” but requires no special surgical techniques for

correction, other than added treatment of the infrequent circumstance of residual malacia after removal of

the compressing mass. Since clinical experience in treating the special conditions listed here is limited, com-

ment is made on whether each procedure should be considered as proven effective treatment or still remains

an exploratory trial.

A method is also described for staged reconstruction of a tracheal gap with a splinted cutaneous tube.

This principally provides a historical example of an earlier type of “trough” procedure, made generally

obsolete by the techniques developed for tracheal resection and reconstruction. It is not regularly used or

recommended. Remote circumstances, where it might possibly be useful, are however noted.

Tracheomalacia

Expiratory Collapse with Chronic Obstructive Pulmonary Disease 

The type of tracheomalacia that often accompanies chronic obstructive pulmonary disease (COPD) is mani-

fest as expiratory collapse. The curve of the intrathoracic tracheal cartilages is flattened, the extreme tips of the
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cartilages sometimes curve slightly forward, the cartilages are thinned and softened, and the membranous wall

is markedly widened. The membranous wall approximates to the flattened cartilages on expiration and cough

(see Figures 15-2, 15-3, in Chapter 15, “Tracheobronchial Malacia and Compression,” and Figure 39 [Color

Plate 16]). Since the cartilages still retain considerable substance, correction is obtained by restoring them to

a C shape, by pulling the tips closer together, while shortening the membranous wall to a more normal width.

This is accomplished by attaching longitudinal strips of splinting material along the membranous walls of the

intrathoracic trachea, the right and left main bronchi, and the bronchus intermedius. Redundant membra-

nous wall is quilted to the splint to prevent its infolding into the lumen of the airway.

I early abandoned using strips of fascia lata as a material for splints, since an additional incision was

required. Pericardium was used only briefly, for it seemed to attenuate with time. Goretex failed because it

could not become firmly incorporated into the tracheal wall by ingrowth of scar tissue. Obstruction

recurred in some. Numerous splinting materials have been used by others, including perforated solid plas-

tic strips, lyophilized bone, and absorbable synthetic mesh. I found Marlex (monofilament knitted

polypropylene mesh; Davol Inc., Cranston, RI) to be very satisfactory. It is easily sutured into place and

holds sutures well. Tissue ingrowth into its interstices fully and permanently incorporates the splint into

the tracheobronchial walls, thus maintaining the restored curvature of the cartilages and preventing fluid

from accumulating between the membranous wall and prosthetic strip as occurred with Goretex.

Preoperative bronchoscopy is repeated for careful assessment of the extent of malacia. Left lung ven-

tilation is established with a long single lumen endotracheal tube bronchoscopically placed in the left main

bronchus. The posterior wall of the entire thoracic trachea is exposed transpleurally through a right postero-

lateral fifth rib (or intercostal space) incision (see Figure 28-1 in Chapter 28, “Reconstruction of the Lower

Trachea [Transthoracic] and Procedures for Extended Resection”). The azygos vein is divided. The posteri-

or trachea is dissected to the apex of the chest. The right vagus nerve and its branches to the hilum are

divided for exposure. Only the edges of the cartilages on either side along the margins of the membranous

wall are freed for suturing, thus preserving tracheal blood supply. The membranous walls of both main

bronchi and the bronchus intermedius are similarly exposed, if the malacic process extends this far, as usu-

ally it does. It is possible to expose even the distal end of the left main bronchus from this approach. As with

the trachea, the bronchi are not dissected circumferentially, but only sufficiently to free up 3 to 5 mm of

cartilaginous edges along the margins where the cartilages meet the membranous wall.

A strip of Marlex is cut approximately 2 to 2.5 cm wide (depending on the size of the trachea and the

width of the membranous wall) and long enough to extend from the apex of the trachea which is accessi-

ble in the thorax, to a few centimeters beyond the carina or longer as noted below. Four rows of interrupt-

ed sutures are placed across the width of the trachea from the Marlex strip to the tracheal wall, spaced 6 to

8 mm apart (Figure 32-1A). Suturing is commenced at the top of the accessible trachea. One longitudinal

row of sutures will extend along each edge of the membranous wall and fixes the borders of the Marlex strip

to the tips of the cartilages on either side. The two other longitudinal central rows fix Marlex to the mem-

branous wall (see Figure 32-1A). These rows are spaced by eye across the membranous wall, dividing it into

approximately even thirds. Each succeeding row of four sutures placed transversely is about 6 to 8 mm

below the previous one. Suturing progresses from the apex of the chest to the carina.

I have used both 4-0 Tevdek and 4-0 Vicryl for suture material. Effort is made to avoid penetrating

the tracheal mucosa. Where this has occurred on rare occasion, even a nonabsorbable suture such as Tevdek

has not, thus far, caused infection or other late problems. Vicryl, although ultimately absorbable, has such

a long life that fibrosis and Marlex incorporation should occur long before the suture is absorbed. I there-

fore used Vicryl in later patients and have recognized no problems to date. The marginal sutures are placed

through the edge of the Marlex from posterior to anterior, then through a cartilage end from lateral to pos-

terior—a firm purchase being taken—and thence back through the Marlex (see Figures 32-1A,B). This is
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FIGURE 32-1 Posterior splinting procedure for expiratory tracheobronchial collapse. A, Marlex strip of desired width is sutured to the posterior tra-
cheal wall from the apex of the chest to the carina, or in some, to the distal bronchus intermedius. Successive registers of four sutures (4-0 Vicryl)
are placed across the Marlex as shown. The outer sutures grasp the lateral tips of the cartilages; the inner two fix the redundant membranous wall
in equal thirds. Each row is about 6 to 8 mm distal to the prior row. Lateral sutures of each row are placed first. After three rows of sutures are
placed, the first row may be tied. One previous row is left untied as you progress distally, to facilitate placement of the next row. Dots in the prox-
imal Marlex indicate sites for following sutures. The distal dashed lines indicate where the Marlex will be applied to the lower trachea and to the
bronchi. Three strips of Marlex are usually used, but occasionally, a narrowed extension of the tracheal strip may be carried onto the right main
bronchus and bronchus intermedius. Dots indicate placement of distal sutures in the Marlex. Note three longitudinal rows in the bronchial strips
versus four in the tracheal. B, Cross-sectional diagram showing spacing of sutures. The lateral ones will restore the “C” curve of the flattened car-
tilage. The central ones fix the elongated membranous wall to the Marlex. These sutures do not penetrate the membranous wall. C, The completed
restoration of airway configuration. Scar will firmly fix the membranous wall and lateral tracheal corners to the Marlex splints. The correction is
checked bronchoscopically after completion.
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not a true mattress suture, but serves well to pull the cartilage to the Marlex when tied. The two median

rows of sutures are true mattress sutures.

I prefer to place the lateral sutures of the apical row first, then the two apical central membranous

wall sutures—each of these spaced equally across one-third of the membranous wall. Thus, an initial hor-

izontal row of four sutures is placed. Each suture is clipped with a hemostat and arranged systematically,

two on either side of the operative field. Successive rows of four similar sutures are next placed, proceeding

distally toward the carina. When all tracheal sutures are in place, they are tied—lateral sutures of each hor-

izontal group of four initially, followed by the central two of each group of four, the quilting sutures 

(Figure 32-1C). When the carina is reached, the Marlex strip is trimmed, usually perpendicular to the axis

of the bronchus on either side (see Figure 32-1A). Sometimes, it is convenient to tie the rows successively

to anchor the strip as it is sutured. If this is done, it is best not to tie down an immediately preceding row,

since this narrows the exposure for placement of the next row of sutures.

A strip of Marlex approximately 1.5 cm wide is next applied to the left main bronchus using only three

longitudinal rows of sutures, commencing distally as near to the bronchial bifurcation into lobar bronchi as

possible. When the proximal end of the bronchus is reached at the carina, the Marlex strip is trimmed. It is

cut to fit to the tracheal Marlex strip with slight overlap (see Figure 32-1A). The final row of sutures at the

origin of the bronchus includes both tracheal and bronchial walls and both the tracheal and bronchial strips

of Marlex, thus fastening all of these together. The same is done for the right main bronchus and the

bronchus intermedius—again with only three longitudinal rows of sutures (see Figures 32-1A, 32-2), using

a single strip of Marlex. Sometimes, a single long strip of Marlex has been carried from the tracheal wall to

extend over the right main bronchus and bronchus intermedius, but narrowed over the bronchi.

After all sutures are tied, the correction achieved is examined by flexible bronchoscopy, prior to clos-

ing the thoracotomy. The correction should be substantial but will not, of course, appear like a wholly nor-

mal trachea or bronchus (see Figure 15-4 in Chapter 15, “Tracheobronchial Malacia and Compression”).

The field is thoroughly irrigated and the mediastinal pleura is closed loosely. Patients are usually extubat-

ed at the conclusion of the operation. If short-term ventilation is necessary, the endotracheal tube cuff pres-

sure should be minimal.

Success in use of posterior surgical splinting procedures is conditional. Patients continue to suffer

from their underlying COPD and may have residual obstruction in the more distal bronchi. Secretions may

continue to be a problem but can usually be raised by a now more effective cough, since the major airways

FIGURE 32-2 Marlex splints in
place. The single arrow locates
the carina. The double arrows
indicate the origin of the right
and left main bronchi.



no longer collapse with cough. Extensive case series with prolonged follow-up of these procedures are lack-

ing (see Chapter 15, “Tracheobronchial Malacia and Compression”).

Although experience with this procedure is small, it appears to be effective for the purposes stated. It

is recommended for use after very careful assessment of the patient and with awareness that underlying

COPD will not improve.

Alternatively, an individually fashioned Y silicone prosthesis of Dumon type (ie, with “studs” to hold

it in place) may be employed. The proximal end must be long enough to splint the relatively long length of

collapsing intrathoracic trachea, and the diameters for trachea and bronchi must be adequately large.

Tracheobronchial angles vary individually. Some patients do not tolerate such stents and dislodge them

with vigorous cough. It seems unwise to deploy expandable stents in these patients, even if large enough

sizes were available, because of the hazard of irreversible injury in patients with benign disease (see 

Chapter 40, “Tracheal and Bronchial Stenting”).

Malacia of Other Types

Short segment tracheomalacia, which occasionally results from postintubation injury instead of stenosis, is

best treated by segmental resection and primary anastomosis (see Chapter 24, “Tracheal Reconstruction:

Anterior Approach and Extended Resection”). Tracheomalacia in children is discussed in Chapter 6, “Con-

genital and Acquired Tracheal Lesions in Children.”

Rarely, long segment or subtotal tracheomalacia has been encountered with no residual rings

identifiable. In a very few patients in this category, the trachea has been approached anteriorly via 

cervicotomy and complete sternotomy. If the lower trachea cannot be exposed adequately from above

behind the brachiocephalic vessels, inferior exposure is made anteriorly by dividing the anterior and

posterior pericardium between the superior vena cava and aorta, beneath the brachiocephalic vessels

(see Figure 23-7 in Chapter 23, “Surgical Approaches”).

Three, four or more separate channels are bluntly dissected circumferentially around the malacic tra-

chea one at a time, taking care to preserve tracheal blood supply between channels and to avoid injuring

the trachea. Specially-made perforated polypropylene rings (Figure 32-3), discontinuous at one point, are

passed through the channels, sometimes facilitated by a suture passed initially through a distal perforation

in the ring (Figure 32-4A). The open side of the ring will ultimately lie anteriorly in the tracheal midline.

Approximately three 4-0 Tevdek sutures are placed horizontally on each side of the trachea through adja-

cent perforations in the rings into tracheal tissue, with care to avoid the lumen. Account must be made of

the spacing of perforations in the ring in placing these sutures, and also of the length of the ring circum-

ference relative to the final tracheal circumference. Excessive ring length is removed with straight scissors.

Surgery for Tracheomalacia, Tracheopathia Osteoplastica, Tracheal Compression, and Staged Reconstruction 649

FIGURE 32-3 Polypropylene rings used on rare
occasions for splinting of wholly malacic tracheal
segments, where resection is not possible. These were
originally devised for tracheal replacement with a
tube of full-thickness cervical skin and underlying
platysma. The perforations are for suture placement.
The rings may be shortened as necessary. They are
not routinely available.
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Lumen

Tracheal wall

Sternohyoid muscle

Polypropylene ring

FIGURE 32-4 Use of polypropylene rings to support a completely
malacic trachea. This procedure is not regularly employed. See text
for alternative solutions. A, Each ring is passed through an individu-
ally dissected channel in order to preserve essential tracheal blood
supply. A suture is placed in a terminal perforation of the ring to
maintain control. Another is placed at the other end when the ring is
pulled through the channel. Additional rings are placed as necessary
about 2 cm apart, using as few rings as possible. Note the absence of
cartilaginous rings in the malacic trachea. B, The polypropylene rings
are shortened as necessary for the tracheal circumference. The ante-
rior suture passes through the two end perforations at both ends of
the ring, overlapping these in the anterior midline. Two additional
sutures are placed lateral to these on either side, reaching as far pos-
terior as possible without excessive dissection. Usually, all sutures in
all rings are placed before any are tied. C, Sternohyoid muscles are
pedicled as shown after detachment from the hyoid bone to cover the
exposed rings anteriorly. Sutures fix the muscles to the trachea
between the rings, and the muscles are sutured together in the mid-
line. This serves to embed the rings for permanent support and also to
protect against erosion of the brachiocephalic artery. D, Longitudinal
section of the tracheal wall showing sternohyoid investment of
polypropylene rings.

A
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The two perforations at each end of a ring will overlap each other anteriorly (Figure 32-4B). The initial

suture passes through the perforations at both ends of the ring and grasps tracheal tissue in the midline

(see Figure 32-4B). The overlap of polypropylene rings anteriorly also provides more rigidity. The two or

three lateral sutures on each side start as far posteriorly as possible without excessive dissection, which

might threaten devascularization.

When all the necessary rings and sutures are placed, the sutures are tied. Bronchoscopy monitors the

correction achieved. Both sternohyoid muscles are detached from the hyoid bone and turned down over the

reconstruction (Figure 32-4C). The muscles easily reach the carina. Fine mattress sutures are passed through

the muscle on each side into anterolateral exposed tracheal wall between the polypropylene rings. Finally, the

muscles are sutured together in the midline and to the trachea. This thoroughly embeds the plastic rings

(Figure 32-4D), to prevent later separation of the rings from the tracheal wall, and provides a secure buttress

between the foreign material of the rings and the great vessels that lie just anterior to the trachea.

The polypropylene rings were originally designed for cervical cutaneous staged tracheal reconstruc-

tion (see below), but were found to be occasionally useful as described. These are not commercially avail-

able. The surgeon must avoid circumferential dissection of an entire malacic segment prior to ring place-

ment. Complete dissection of a short segment was done in 1 patient many years ago to manage malacia

where a long stenosis was also resected. Necrosis resulted, as might well have been predicted.

This procedure has been applied in only a small number of patients, most often with success. A few

have been followed for many years without subsequent difficulty. The rings have generally not eroded or

required late removal. However, since experience is so limited and the rings described are not regularly

available, the operation must be considered as a trial only. It is presented as a possible basis for future devel-

opment, although indications now are few.

Other open techniques for tracheal stabilization have been reported, usually in single cases, includ-

ing Marlex wrapping with tissue adhesives and dental arch bars fitted as supports. Free cartilage grafts often

fail to provide tracheal rigidity. Even when the grafts survive as adjacent tissue implants, they usually do not

bind to the tracheal wall and hence fail in their purpose. T tubes offer an alternative method of treatment

with less surgical impact on the patient (see Chapter 39, “Tracheal T Tubes”). Dumon-type silicone stents

are another solution but are subject to migration and can incite granulations, especially in the subglottic

larynx. Expandable stents should not be used for benign disease since they may lead to obstructive granu-

lations and become irremoveable (see Chapter 40, “Tracheal and Bronchial Stenting”).

Tracheopathia Osteoplastica

Tracheopathia osteoplastica (TPO) is rarely encountered, and when it is, is often asymptomatic or only

mildly symptomatic (see Chapter 14, “Infectious, Inflammatory, Infiltrative, Idiopathic, and Miscellaneous

Tracheal Lesions”). In a few patients, however, obstruction becomes so severe that surgical relief is neces-

sary (see Figures 14-22A–D, 14-23A,B in Chapter 14,“Infectious, Inflammatory, Infiltrative, Idiopathic, and

Miscellaneous Tracheal Lesions,” and Figures 42 and 43 [Color Plate 16]). In these patients, the entire 

trachea has been involved by the process, as seems usually to be the case. Bronchoscopic removal of

nodules with biopsy forceps or by laser is difficult to accomplish, especially since saber-sheath deformity is

often also present. TPO is so rigid that stents or T tubes can not be forced into the undilatable lumen.

However, since the process only involves that part of the tracheal wall that contains cartilages, the 

membranous wall is spared. By incising the anterior wall of trachea from cricoid to carina, the two halves

of the rigid anterolateral walls can be hinged apart, stretching the membranous wall to normal width, and

in this way, opening the tracheal lumen despite persistent presence of the nodules (Figure 32-5).

Assessment of the diseased airway is necessary both bronchoscopically and radiographically, before

corrective surgery. Imaging includes precise anteroposterior tomography, and now may include three-
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dimensional computed tomography reconstruction. T or T-Y tubes are specially fabricated in advance in

accord with precise measurements derived from these examinations (see Chapter 39, “Tracheal T Tubes”).

Tubes of at least two diameters (most often 12 and 14 mm) are made, to be certain of a fit at operation. The

T sidearm must be at an appropriate height in the trachea and at a proper distance from the carina if a 

T-Y tube is used. The angles of bronchial take-off must be correct. Proximal and distal ends can be shortened.

As described in Chapter 39, “Tracheal T Tubes,” these cut ends are carefully sanded smooth.

FIGURE 32-5 Tracheoplasty for obstructive
tracheopathia osteoplastica. A, The obstructed
trachea is opened from just below the cricoid to
the carina. A small endotracheal tube may be
passed into the left main bronchus at this point.
See text for further details about maintenance
of ventilation. In a patient with severe main
bronchial obstruction, both main bronchi were
also opened anteriorly, and a T-Y tube was
placed. B, A preselected or prepared long T tube
is inserted, spanning the entire length of the
trachea. In many patients, a T-Y tube is neces-
sary, with limbs extending into the bronchi.
This must be planned in advance of operation.
C, Cross-sectional diagram of a trachea
obstructed by tracheopathia osteoplastica. The
saber-sheath configuration seems to be com-
mon. Dashed line indicates the linear 
tracheotomy. Note the uninvolved but fore-
shortened membranous wall. D, The rigid lat-
eral walls are hinged on the normal, soft mem-
branous wall, to allow insertion of the silicone
tube. E, The cartilaginous walls are easily re-
sutured anteriorly as the membranous wall is
spread. F, After firm healing has occurred in
this open position, the T tube is extracted. The
correction holds for the long term.
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The long anterior tracheal incision is closed over the tube. After 4 to 6 months, during which firm heal-

ing of the wall takes place in its new position, the stent is extracted, leaving a permanently enlarged lumen.

The trachea cannot be dilated with a rigid bronchoscope, so firm is the pathologic process. Subglot-

tic intralaryngeal nodules seem to remain small, allowing a small endotracheal tube to be inserted at least

sufficiently to provide a satisfactory initial airway for anesthesia. A laryngeal mask airway may be consid-

ered in an extreme case where intubation seems tenuous or impossible.

Approach is through a cervical incision, with dissection high enough to allow later division of sterno-

hyoid muscles at the hyoid bone, and by complete vertical sternotomy. The thyroid isthmus is divided and

reflected. The anterior surface of the trachea is dissected to the carina. Access to the lowermost trachea can

be made, if necessary, by dividing the anterior and posterior pericardium between the superior vena cava

and aorta beneath the brachiocephalic vessels and above the pulmonary artery (see Figure 23-7 in Chapter

23, “Surgical Approaches”).

After opening the anterior midline of the trachea (see Figure 32-5A), a suitably-sized endotracheal tube

is inserted across the operative field, either into the most distal trachea or into the left main bronchus, to con-

tinue ventilation. If urgency demanded, two small-bore tubes could be placed, one right and one left, using

two anesthesia machines. This seems unlikely. A bifid high-frequency catheter is another option, but care

needs to be taken that the nodularity in the bronchi does not hinder escape of gases around the catheters.

A previously prepared or selected extra-long silicone T tube (or more often, a T-Y tube) is trimmed and

fitted exactly to the airway, extending from just above the cricoid (but not impinging on the conus elasticus

below the glottis), either to the lowermost trachea or into main bronchi if there is serious bronchial involve-

ment (see Figure 32-5B). Bronchial disease is common but is not uniformly present or necessarily severe.

Ventilation is continued by tucking the tip of a properly sized endotracheal tube into the proximal

end of the T tube in the subglottic larynx and capping the sidearm. Alternatively, ventilation is carried out

across the operative field via the T sidearm, using an endotracheal adapter and a light tracheostomy swiv-

el connector. The proximal vertical arm of the T tube above the sidearm in this case is occluded with a small

inflatable balloon with a small access catheter (eg, Pruitt catheter), which emerges through the T tube

sidearm beside the endotracheal tube adapter. A Fogarty catheter can also be inserted translaryngoscopi-

cally to occlude the proximal T tube.

The tracheal wall is so rigid that a small amount of tissue usually must be excised to allow space for

emergence of the T tube sidearm. This tissue provides a specimen for histologic examination. In one

patient, a few large nodules were removed from the opened trachea with a pituitary rongeur. The long lin-

ear tracheotomy is easily approximated with interrupted 4-0 Vicryl sutures, as the lateral walls hinge out-

ward like a book’s covers (see Figures 32-5C–E).

A sternohyoid muscle pedicle, inferiorly based, is turned caudad and sutured over the tracheal inci-

sion inferior to the T tube sidearm (see Figure 32-4C). Both sternohyoid muscles may be required for this

length of incision. The sternothyroid muscles may be approximated to cover the upper tracheal incision

superior to the T tube sidearm.

The splinting T or T-Y tube is left in place for 4 to 6 months, with usual T tube care. The silicone rub-

ber tube is then extracted under general anesthesia, with a ventilating rigid bronchoscope positioned

through the vocal cords just above the tube. The airway is carefully inspected with a Hopkins telescope. I

prefer to leave a capped stomal cannula (Montgomery) in place to maintain a tracheostomy channel until

it is certain that the patient continues to enjoy a good airway. After about a month, during which the patient

has been able to tolerate the cannula capped, it is removed and the stoma allowed to heal. Periodic broncho-

scopic follow-up is advised, at least for a number of years. Patients with TPO produce quite an amount of

mucoid secretions, which continues after airway obstruction is relieved. They are better able to clear secre-

tions, however, because effective cough is possible. Only 4 patients have been seen with sufficiently severe
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obstruction to require reconstruction. In 3 patients, the procedure was successful. In 2 patients,

follow-up has been over a period of many years (see Figures 14-22E, 14-23C in Chapter 14, “Infectious,

Inflammatory, Infiltrative, Idiopathic, and Miscellaneous Tracheal Lesions”) and over 3 years in the third

patient. The fourth patient, who had difficulty after extraction of the T tube, disappeared from follow-up.

Although experience is limited, I believe that the operation can be recommended.

We encountered TPO in the main bronchi in 1 patient, severe enough to require bronchoplasty as well

as tracheoplasty. Both main bronchi were incised and a previously prepared T-Y tube was inserted. Access to

the entire left main bronchus was obtained by opening the pericardium anteriorly and then posteriorly later-

al to the aorta, after division of the ligamentum arteriosum. The recurrent laryngeal nerve was carefully pre-

served. No difficulty was encountered in suturing the bronchi closed over a T-Y tube. Thymic lobes were used

to cover bronchial suture lines. In a very rare case of tracheal TPO with only segmental tracheal involvement,

limited tracheal resection and reconstruction has been done. References to stented tracheoplasty and to seg-

mental resection for TPO are noted in Chapter 14, “Infectious, Inflammatory, Infiltrative, Idiopathic, and

Miscellaneous Tracheal Lesions.” Modified lateral slide tracheoplasty has also been employed in an instance of

segmental narrowing, but T tube tracheoplasty as I have described seems a simpler solution.1

Postpneumonectomy Syndrome

The keys to successful surgical treatment of postpneumonectomy syndrome are 1) restoration of the medi-

astinum to a normal central position; 2) implantation of filler to prevent recurrence of mediastinal dis-

placement; and 3) correction of severe residual malacia, when present. Herniated lung is also reduced (see

Chapter 15, “Tracheobronchial Malacia and Compression,” and Figure 40 [Color Plate 16]).

The prior thoracotomy incision is carefully reopened since there may be essentially no residual pleu-

ral space, and postsurgical scar is present in variable intensity. The pericardium and heart may lie just

beneath the chest wall. Dissection is not usually very difficult and it is pursued until the heart and medi-

astinum can be gently moved to a normal midline position, and until the herniated lung is sufficiently free

to be returned to the opposite hemithorax. Intraoperative flexible bronchoscopy through the endotracheal

tube will assess the correction attained at this point.

Although it may not be essential, I prefer to abrade the endothoracic fascia behind the sternum anter-

ior to the pericardium and also the opposing pericardium. Two vertical rows of 0 Prolene sutures are placed

to fix the pericardium to the retrosternum, replacing the mediastinum to a central position. Blood pressure,

pulse rate, and pulse pressure are monitored during this part of the operation, since reefing up too much peri-

cardium can quite easily produce tamponade. The herniated upper lung is replaced across the midline, and

upper mediastinal tissues are sutured together to contain the herniation. These anatomic corrections will not,

however, be maintained unless the hemithorax is filled. The volume of the reconstituted postpneumonec-

tomy pleural cavity is measured with breast prosthesis “sizers.” One or more breast prostheses are filled with

the appropriate total volume of sterile saline and inserted into the space (see Figures 15-19A–D in Chapter 15,

“Tracheobronchial Malacia and Compression”). Bronchoscopic monitoring is repeated at this point.

The costal and intercostal chest wall is now reapproximated and the patient once again observed for

signs of cardiac tamponade. If there is evidence of such, the volume of saline is reduced in decrements by

aspiration, until physiologic stability is attained. The airway is rebronchoscoped. If the result is satisfactory

both anatomically and physiologically, the incision is completely closed and the patient is placed supine.

Cardiac physiology and tracheobronchial anatomy are rechecked finally in this position. On at least one

occasion, it was necessary to reopen the hemithorax to reduce filler volume further. Use of a tissue expander

with a subcutaneous port could simplify volume adjustment and also offers advantages in a child, where

volume can be adjusted as the child grows. However, tissue expanders are not meant for permanent implan-

tation, whereas breast prostheses are. We therefore have preferred to use the latter in our adult practice.



Long-term results over many years have been very satisfactory. Multiple reports of the use of similar surgi-

cal techniques confirm its effectiveness.

In a few earlier cases, with symptoms of long duration, severe segmental tracheomalacia continued

to produce obstruction despite mediastinal repositioning. These patients were managed variously by tra-

cheal resection and reconstruction or by relief of vascular compression by aortic grafting and division. The

problem of residual malacia has not been encountered since, however, and repositioning with prosthetic

filler alone in numerous additional patients has proved successful. The alternative of primary insertion of

stents has been offered, but raises concern about long-term pressure against the aorta and pulmonary

artery by any type of stent, if the basic anatomic deformity remains uncorrected. If residual obstructive

malacia were to present again after successful repositioning, silicone stent placement might indeed provide

a simpler solution to stabilize the malacic segment. The long-term hazards of expandable stents for benign

disease must be remembered (see Chapter 40, “Trachial and Bronchial Stenting”).

Straight Back Syndrome

The components of this rare syndrome are described in Chapter 15, “Tracheobronchial Malacia and Com-

pression.” The principal factor affecting the trachea is the sharply-reduced distance between the abnormally

vertical dorsal vertebral column and the sternum. The posterior superior infolding of the top of the manu-

brium compresses the trachea at the thoracic inlet (see Figure 15-22A in Chapter 15, “Tracheobronchial Mala-

cia and Compression”). The degree of pectus excavatum deformity usually present in these patients can cause

a second point of compression where the brachiocephalic artery crosses the trachea (Figure 32-6A).

The very few patients reported with such problems have been managed variously. In one, conven-

tional pectus excavatum repair with double sternal osteotomies and an Adkins bar to secure the repair pro-

duced relief. In an extremely severe case with both points of obstruction, relief was achieved as follows. The

upper third of the manubrium was removed to eliminate the “bar” of bone that projects posteriorly at the

top of the manubrium. The balance of the manubrium was excised, split into anterior and posterior layers,

the posterior plate removed, and the thinned anterior plate then replaced (see Figures 32-6A,B). The

obstructing brachiocephalic artery was lengthened with a graft and reimplanted in the proximal aorta to

the right of the trachea (Figures 32-6C,D). In this patient, a third area of lower tracheal obstruction, due to

splaying of the trachea over the vertebral column, was corrected by posterior membranous wall splinting

with a Marlex strip, as described in this chapter for correction of acquired tracheomalacia with COPD, after

removal of bony prominences by shallow osteotomy. This procedure was performed through additional

right thoracotomy at the same operative session. Another patient with only tracheal compression by upper

sternum was treated elsewhere by sternotomy and insertion of a wedge of methylmethacrylate (P. Dartevelle,

personal communication, 1996).

Obviously, since individual pathology varies so much, no standard surgical procedure is applicable.

“Hairpin” Aorta

Division of the more often-identified vascular rings that cause airway obstruction has been described else-

where, often and in detail. These anomalies are listed in Chapter 6, “Congenital and Acquired Tracheal

Lesions in Children.” Also noted there is the less-common occurrence of “circumflex aorta.” Brief technical

note will be made here, however, of the highly unusual compression, described in Chapter 6, “Congenital

and Acquired Tracheal Lesions in Children,” which is due to right aortic arch, right descending aorta, liga-

mentum arteriosum, Kommerell’s diverticulum, and aberrant left subclavian artery (Figure 32-7A). The

aortic arch is usually high, and bends sharply before descending in a “hairpin” configuration on the right

side, directly behind the ascending arch. The distance between the sternum and vertebral column is dimin-

ished, sometimes with mild pectus excavatum deformity. This leaves little space between the ascending and
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FIGURE 32-6 Correction of tracheal obstruction
due to severe straight back syndrome, with mild
pectus excavatum. A, Sagittal diagram illustrating
points of tracheal compression. The tracheal
lumen is diagrammed at the right of each point of
obstruction. 1) The proximal sternum squeezes
the trachea against the vertical vertebral column.
Note the minimal distance between the sternum
and the vertebrae. 2) The brachiocephalic artery
compresses the trachea similarly. 3) The lower
intrathoracic trachea is splayed against the verte-
bral column in this patient. The top of the ster-
num was resected and the balance of the manu-
brium thinned and replaced in this young patient
(dashed lines). Stippled areas of sternum were
removed. B, Postoperative correction. Obstructing
proximal sternum and compressive brachio-
cephalic artery have been removed. The artery was
transplanted laterally and the lower trachea was
splinted with Marlex. Shallow osteotomy first
removed vertebral prominences behind the
splayed lower trachea. C, D, The brachiocephalic
artery was lengthened with a graft and rerouted
lower and lateral to the trachea. These figures
describe correction of a highly unusual problem,
which apparently may present variously.
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descending aorta. The airway is compressed in this vise, with the contributing factor of Kommerell’s diver-

ticulum and an anomalous left subclavian artery.

A small number of patients have been seen with this problem and treated. Prior division of the liga-

mentum, division of the anomalous subclavian artery, and excision of the diverticulum in several patients

had failed to relieve the severely symptomatic tracheal compression. Variations in the small group of

patients seen makes it difficult to recommend a categorical procedure. However, opening the narrow space

between the aortic limbs has proved effective, when excision of the aortic diverticulum, reimplantation of

the retroesophageal subclavian artery, and division of the ligamentum arteriosum failed to provide relief of

the airway compression.
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FIGURE 32-7 Correction of obstruction from an unusual vascular ring, termed “hairpin” aorta, seen in patients with diminished distance between
the sternum and vertebrae. A, The ascending aorta (AA) is on the right and also descends (DA) on the right, leaving only a narrow space under-
neath the arch between the ascending and descending limbs. Left subclavian (LS) artery is anomalous, arising from a Kommerell’s diverticulum
(DK) and encircles trachea (T) and esophagus (E). Ligamentum arteriosum (LA) completes the ring to the pulmonary artery (PA). Right (RCC)
and left (LCC) carotid arteries branch anteriorly and the right subclavian (RS) arises from the arch. Our patients variously had undergone divi-
sion of LA, LS, and excision of DK without relief of tracheal obstruction. B, Correction required removal of a Kommerell’s diverticulum, division
of the ligamentum arteriosum and left subclavian (LS), and reimplantation of the LS into the left carotid artery. If aortopexy (of one or both limbs
of the arch) gave insufficient relief (observed bronchoscopically), aorto–aortic graft was performed below the hilum and the aorta divided, as shown.
The limbs were pexed to upper ribs anteriorly and posteriorly.
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The anatomy must be carefully delineated by imaging (see Figure 6-15 in Chapter 6, “Congenital and

Acquired Tracheal Lesions in Children”) and account is taken of any prior surgical treatment. Through

right thoracotomy, the aberrant left subclavian artery is divided and tentatively closed. The Kommerell’s

diverticulum is excised and the ligamentum is divided. Then, the degree of airway relief obtained is

observed by flexible bronchoscopy via the endotracheal tube. The aortic arch is next tentatively retracted

with slings to determine (by bronchoscopy) whether aortopexy alone will be sufficient to relieve the

obstruction completely. If not, a synthetic graft is placed between the ascending and descending aorta,

beneath the right hilum. The aortic arch is divided at its apex, and each limb is pexed as necessary to an

adjacent upper rib anteriorly and posteriorly (Figure 32-7B). If retracting the aorta alone is sufficient, the

arch is pexed with slings to maintain the space so enlarged. Broad slings of Goretex are used to avoid a

potential cutting effect on the aorta. It is important to assess the effect on airway compression broncho-

scopically as each step is completed. The anomalous subclavian artery is finally anastomosed to the left

carotid artery through a cervical incision (see Figure 32-7B).

Cutaneous Tube Reconstruction of the Trachea

Prior to recognizing the extent of tracheal resection, which is made feasible by cervical flexion, anatomic

mobilization, and other maneuvers, a “trough” method for staged reconstruction of the cervical trachea was

developed, using cervical skin and underlying platysma. The specific technique described was just one of

several such procedures described by various surgeons. Patency was assured here by implantation of sev-

eral polypropylene rings (see Figure 32-3) in laddered fashion between the dermis and the platysma, care-

fully avoiding epithelial communication and its consequences of probable infection.2,3 The technique

offered the possibility of transferring a segment of cervical trachea into the mediastinum, with its lateral

blood supply intact, in order to effect safe intrathoracic anastomosis where complete anatomic tracheal

reconstruction seemed to be impossible. The gap in the cervical trachea was then to be filled with the cuta-

neous conduit in a later procedure. The procedure is detailed here largely for historic reasons. It must not

be considered as a substitute for the now-standard reconstructive techniques described in earlier chapters.

At initial operation (Figure 32-8), a very low cervical collar incision is made, which later becomes the

inferior margin of a horizontal bipedicled full-thickness flap of lower cervical skin and platysma that will

ultimately form the cutaneous conduit (see Figure 32-8A). The tracheal resection is performed through this

incision, if necessary with a vertical inferior extension over part or all of the sternum. The thyroid isthmus

is divided and the thyroid dissected free from the trachea. The cervical tracheal segment is divided between

first and second cartilaginous rings and is dissected anteriorly and posteriorly, carefully sparing the blood

supply pedicles on both sides. The recurrent laryngeal nerves are very carefully preserved.

The precise location of the initial incision must be selected with consideration of the parallel inci-

sion to be made later at the lower edge of the beard line, to form the upper margin of the skin flap (see

Figure 32-8A).

A bipedicled flap is elevated beneath the platysma, long enough to provide slack for infolding the flap

into a trough to form the tracheal replacement (see Figures 32-8B,C). Blood supply arising from both lat-

eral bases of the flap is adequate. Through short carefully placed incisions, a series of perforated polypropy-

lene rings is introduced between the undersurface of the dermis and the platysma, using specially-made

needles (Figure 32-9) that emerge through other short incisions at a point equidistant from the midline of

the neck from the line of incisions made for introduction of the needles (see Figure 32-8B). The rings are

drawn through the flap until a suture fixing the ring to the hub of the needle is seen and cut. Long sutures

are attached to the last perforation of the free ends of the rings, and these are used to adjust the rings pre-

cisely in their subcutaneous location. If there is excess length of plastic ring, it is cut off with heavy, straight

scissors and the corners trimmed. The mini-incisions for ring introduction on either side are closed with
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FIGURE 32-8 Staged reconstruction of the cervical trachea by construction of a cutaneous-platysmal tube. A, Two long horizontal parallel cervical inci-
sions demarcate the vertical length of the tracheal replacement. In a male, the upper incision is placed just below the beard line. A bipedicled flap of
skin with underlying platysma is elevated, with blood supply at both ends. The lower incision is the primary incision for cervical tracheal exploration,
mobilization, resection, and devolvement, as is necessary. B, Perforated polypropylene rings of open circular form (see Figure 32-3) are introduced in
separate channels between the undersurface of dermis and the platysma, using specially-made needles, and introduced and exited through lines of cuta-
neous nicks (as shown) far enough apart to provide tissue for a major part of the trough’s circumference. The needle entry and exit points are sutured.
C, Anastomosis is made to a residual tracheal ring proximally, or to the cricoid, using individual 4-0 Vicryl sutures, and to the trachea distally.
D, In the midline superiorly and inferiorly, the infolded skin flap may not easily meet and the borders of the superior and inferior horizontal 
incisional edges may serve to complete the closure of the tracheal tissues. The horizontal incisions are closed lateral to the completed trough. Reproduced
with permission from Grillo HC.2
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FIGURE 32-9 Special needles for sub-
dermal introduction of polypropylene
rings. An end of a ring is transiently
sutured into the hub of the needle.
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sutures, burying the rings completely in mesenchymal tissue. If the rings are left too long, they may erode

to the skin surfaces, allowing infection to occur and forcing removal of the infected ring.

The inserted rings serve to shape the trough as part of a circular tube (see Figure 32-8C). Anastomo-

sis is performed with 4-0 Vicryl between the upper and lower margins of the flap forming the cutaneous

trough, to the remaining ring of trachea superiorly and to the tracheal end presenting inferiorly (see 

Figure 32-8C). Anteriorly, some of the tracheal margin may be sutured to the cutaneous margins of the

flaps above and below, completing circumferential closure (Figure 32-8D).

During a healing interval, any hairs noted in the central portion of the bipedicled flap of skin are

depilated by electrolysis. This is necessary in some male patients. Approximately 2 months are allowed for

firm healing and acquisition of parasitic blood supply by the tissues of the trough.

At a second stage, an incision is circumscribed about the stoma that has been created, placed just far

enough from the aperture to provide sufficient skin and platysma to infold for precise closure of the tube

(Figure 32-10A). The platysma is elevated with the skin (Figure 32-10B). Only enough dissection of this

FIGURE 32-10 Second-stage completion of cutaneous tracheal replacement. This is performed several months after complete healing to allow time
for the trough to acquire a posterior blood supply. A, The vertical stoma is circumscribed as shown (dashed line), more generously laterally to pro-
vide tissue for construction of the anterior wall of the tracheal reconstruction. B, Placement of additional segments of polypropylene rings anteri-
orly may be necessary, since a full-length ring can erode the skin by pressure against the anterior skin tube margins in the interval between the
stages. These additional segments are also placed between the dermis and platysma. In turning these flaps, care is taken not to risk losing the pos-
terior parasitic blood supply acquired after the first stage. C, The inverted skin incision is closed with a subcuticular absorbable suture. The platysma
is next closed over the prosthetic rings. Reproduced with permission from Grillo HC.2
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central circular flap necessary to allow tension-free closure is done, in order to preserve the secondary

blood supply of the final cutaneous flap, which enters posteriorly only. The tube is closed to itself with a

fine subcuticular running suture (Figure 32-10C).

The tips of the plastic rings may sometimes be sutured together in the midline. More often, short

additional segments of polypropylene rings must be added, between the undersurface of the dermis and

platysma, after elevating the flap circumferentially (see Figures 32-10B,C). On occasion, sufficient stability

is evident without either joining the previously placed rings or adding segments anteriorly.

The inverted skin edge is closed with a fine running subcuticular absorbable suture (see Figure 32-10C).

The platysma of the flap is next closed to itself over added rings with interrupted fine sutures (Figure 32-11A).

With cutaneous undermining and use of relaxing incisions laterally on both sides of the neck, the

skin and platysma on either side of the incisional defect can be closed in layers in the midline. The gaps that

present where relaxing incisions were made are grafted with split-thickness skin grafts, well away from the

area of tracheal reconstruction (Figure 32-11B). The “surgical embryology” of the replacement segment is

diagrammed in Figure 32-12.

Patients clear sputum through a cutaneous tracheal reconstruction with vigorous cough. The absence

of cilia does not seem to be a major problem. A patient with procedure completed is shown in Figure 32-13.

Relatively few of these procedures were done and the operation described is largely of historic inter-

est. The reasons for infrequent use are 1) mobilization techniques now available for tracheal resection rarely

require such added length; 2) the complexity of reconstruction and the multiple stages needed caused

excessive complications, delays, and led to failure to complete the tubes in some patients; 3) for benign 
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FIGURE 32-11 Completion of the cutaneous tube. A, Closure.
The upper horizontal incision is reopened right and left. Con-
siderable undermining is done subplatysmally on both sides and
to a lesser extent superiorly. Relaxing incisions are placed as
shown, obliquely over the midlateral clavicles to allow the mid-
line skin and platysma to close without excessive tension.
B, Split-thickness skin grafts serve to surface the relaxing “gus-
sets,” where the graft overlies no essential structure. Reproduced
with permission from Grillo HC.2

A

B



662 Surgery of the Trachea and Bronchi

disease, a T tube is a simpler, safer, yet generally satisfactory solution for managing a nonreconstructible

trachea; and 4) huge tumors often also involve the larynx, and reconstruction is pointless if a functional

larynx is not salvageable. In such cases, mediastinal tracheostomy may be in order.

FIGURE 32-12 Surgical embryology of the splinted cutaneous
tracheal reconstruction. Cross-sectional diagrams. A, At the
first stage, a segment of polypropylene ring (solid black line)
is introduced between the dermis and platysma, creating a
trough. The skin, including dermis, is stippled. The platysma
(lined) underlies the dermis. At Stage 2, a circumferential
incision (dashed line) allows circumferential elevation of
the cutaneous platysmal flaps. B, The tube is completed by
turning the anterolateral flaps and inserting additional seg-
ments of supporting rings, as shown in the drawing. Skin and
platysma are closed over the reconstruction. Reproduced with
permission from Grillo HC.2
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FIGURE 32-13 A completed cutaneous tube reconstruction
in a patient who had extensive obstruction and invasion of
the trachea by recurrent papillary carcinoma of the thyroid.



Although the operation is not advised, for the reasons given, and has largely been abandoned, it

found use in a very few patients to provide continuity where this was demanded and seemed appropriate,

and where no other reconstructive possibility was dependably available. In my longest follow-up, a cuta-

neous tube of this construction functioned well for 30 years. Its original indication was to restore a trachea

following catastrophic failure of inauspicious tracheal resection for a supracarinal granular cell tumor per-

formed elsewhere. Invasive papillary thyroid carcinoma required resection of the tube after 30 years.

Tissue remodelling then permitted successful primary anastomosis.
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C H A P T E R  T H I RT Y- T H R E E

Repair of Congenital 
Tracheal Lesions

Congenital stenosis involving long segments of the trachea has presented particular difficulties for recon-

struction. Congenital stenosis varies in location, severity, and length (see Chapter 6, “Congenital and

Acquired Tracheal Lesions in Children”). The stenotic segment is usually characterized by completely cir-

cular “O” rings of cartilage. Dilation is therefore of no value and incurs the distinct possibility of splitting

the trachea if force is used. When the stenosis is of limited extent, it may be resected and meticulous end to

end reconstruction performed. When the extent is too great to permit safe anastomotic reconstruction

other techniques have been applied. No single group has accumulated a large experience, particularly with

prolonged follow-up. Two techniques—patch tracheoplasty and slide tracheoplasty—have been used suc-

cessfully for long stenoses.

Resection and Reconstruction

The length of resection that allows reconstruction by standard anastomotic techniques is limited.1,2 Experi-

mental and clinical experience indicates that the limits of safe resection in children are lower than in adults

(see Chapter 6, “Congenital and Acquired Tracheal Lesions in Children”). Anastomotic tension appears to

be tolerated less well in the small child or infant.3 Circumferential growth, on the other hand, has been

shown to occur both experimentally and clinically. Anastomotic technique is the same as in adults except

for the use of 5-0 Vicryl sutures in small children and 6-0 in infants (Figure 33-1).

Anterior Patch Tracheoplasty

The initial solution to the problem of long congenital tracheal stenosis, devised by Kimura and colleagues,

was vertical incision of the entire length of the stenotic segment with insertion of a patch or “gusset” to

widen the lumen.4,5 Costal cartilage or pericardium are principally used for the patch.4–8

Proponents of these techniques favor use of cardiopulmonary bypass, although the procedure could

be performed without bypass in the absence of associated vascular anomalies.6–8 Approach is via complete

Resection and Reconstruction

Anterior Patch Tracheoplasty

Slide Tracheoplasty

Other Techniques

Hermes C. Grillo, MD

33A TRACHEOPLASTY FOR CONGENITAL TRACHEAL STENOSIS
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median sternotomy. The thymic lobes are separated, the pericardium is opened, and the aortic arch retract-

ed, permitting exposure of the lower trachea and carina (Figure 33-2). The entire trachea is visualized ante-

riorly. If partial cardiopulmonary bypass is to be used, cannulas are then placed in the atrium and aorta. If

there is difficulty in identifying the proximal end of the stenosis, the patient is bronchoscoped and the point

marked with a suture.

An anterior midline vertical incision is made in the trachea through the stenosis from its upper end to

its lowermost point. This may be determined by direct inspection, as the incision is carried inferiorly. If peri-

cardium is used for repair, a rectangular patch is outlined and excised from the readily available anterior

pericardium.6,7 It is trimmed and sutured into the tracheal defect. Interrupted 5-0 Dexon sutures or contin-

uous running 6-0 polydioxanone suture, which do not penetrate tracheal mucosa, have been recommend-

ed.6,7 Several partial thickness sutures are used to suspend a pericardial patch to mediastinal structures.

Added sutures are placed to suspend the tracheal margins similarly. The innominate artery is suspended to

the sternum in closing. I believe that the patch could be safely sutured with interrupted 4-0 or 5-0 Vicryl

sutures passing through full thickness of the tracheal wall.

The patient remains intubated for a week or longer, as necessary, to permit the patch to stiffen so that

the airway will not collapse. The upper and lower ends of the tracheoplasty are marked with hemoclips. The

FIGURE 33-1 Examples of congenital tracheal stenosis short enough to be treated by resection and reconstruction. A, Three-month-old boy
with a stenotic segment less than 1⁄4 of the length of his trachea. In addition, there was malacia present, which was best treated by resection.
B, Followed from infancy with a noncritical stenosis, resection was done at the age of 23 years to improve exercise performance. With over
30% of his trachea involved, slide tracheoplasty would now be elected in infancy, but this length of resection was easily tolerated in a young
adult. Reprinted with permission from Grillo HC et al.12
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repair is examined with a flexible pediatric bronchoscope and an endotracheal tube is positioned so that its

tip lies just distal to the lower end of the pericardial patch. The integrity of the tracheoplasty is checked

under saline. In reports of this technique, second-layer buttressing has not been thought necessary. Gran-

ulation tissue formation, which requires repetitive bronchoscopic removal, occurs frequently.9 Contraction

of the pericardial patch and complete epithelization both appear to occur in the long run. Tracheal growth

has been adequate in follow-up.

Other native or preserved tissues have been used for augmentation of the trachea, but Kimura and col-

leagues’ original use of cartilage has been successfully employed.4,5,8 Cartilage is harvested from the costal mar-

gin through the lower part of the sternotomy incision. After the length and shape of the tracheal defect is

determined, the cartilage graft is carefully shaped, preserving perichondrium. The cartilage is precisely

sutured into the defect with perichondrium facing the lumen, using interrupted sutures. Seven to 10 days of

intubation and ventilation are followed by bronchoscopy to determine adequacy and stability of the repair
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FIGURE 33-2 Patch tracheoplasty. The ver-
tical incision in trachea can be carried onto
one or both main bronchi if stenosis extends
that far. Running suture has been advised
for pericardial repair. The patch, the tra-
chea, and the brachiocephalic artery must
also be suspended. Interrupted sutures are
preferred for a cartilage patch, and care is
taken to fashion it so that it does not pro-
lapse into the lumen of the trachea. Both
techniques require postoperative endo-
tracheal tube splinting.
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and to remove granulation tissue. Rigidity of cartilage compared to pericardium obviates the need for medi-

astinal suspension and allows the endotracheal tube to be positioned more proximally.

I prefer to use slide tracheoplasty rather than patch tracheoplasty.

Slide Tracheoplasty

Tsang, Goldstraw and colleagues proposed doubling the circumference of the stenotic trachea by dividing the

stenotic segment horizontally at its midpoint, slitting the upper and lower stenotic segments respectively

anteriorly and posteriorly, and sliding the two segments together.10 The trachea is thus effectively shortened

by half of the length of the stenotic segment, which is usually an acceptable length of shortening. The cir-

cumference is doubled and the cross-sectional area of the trachea is quadrupled. Grillo adapted the tech-

nique with some modifications (Figure 33-3).11

The procedure is performed under ventilatory anesthesia in the absence of associated vascular or car-

diac anomalies. It is preferable if a small bore endotracheal tube can be slipped through the stenosis, but it

is possible with delicate dissection to perform the first part of the exposure with a tube positioned in the

proximal airway above the stenosis (Figure 33-4). This is usually the case in infants and small children. It

has been possible to expose the trachea sufficiently in these young patients through a collar incision alone.

If additional exposure is required, the upper sternum or even the entire sternum may be divided. In most

FIGURE 33-3 Technique of slide tracheoplasty. A, The extent
of stenosis is precisely defined by intraoperative examination
and bronchoscopy, if necessary. The stenotic segment is divid-
ed at its midpoint. Only that point is circumferentially dis-
sected, in order to preserve as much lateral blood supply as
possible. The lower stenotic segment will be divided anterior-
ly and the upper posteriorly for the full length of the stenosis.

A
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FIGURE 33-3 (CONTINUED) B, The right-angled corners
at the midpoint tracheal division are trimmed above
and below. A single traction suture is placed near the tip
of the upper segment and two lateral sutures below the
stenosis inferiorly, hence often at the tracheobronchial
angles. Only absolutely necessary dissection is done, in
order to conserve tracheal blood supply. Tracheal cir-
cumference will be doubled. C, After all anastomotic
sutures have been placed and marshaled in orderly
array, the segments are slid together, with the help of the
stay sutures, and the anastomotic sutures are tied. D, An
oblique suture line results, with quadrupling of the
cross-sectional area, since the circumference of the tra-
chea has been doubled. Reproduced with permission
from Grillo HC.11
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patients, the trachea can be exposed satisfactorily behind the aortic arch and brachiocephalic artery, but in

some, the lower trachea is better seen by dividing the pericardium between the retracted vena cava and

aorta. If a pulmonary artery sling is present, complete sternotomy becomes necessary. In this case, partial

cardiopulmonary bypass is necessary for reimplantation of the left pulmonary artery, and it is then conve-

nient to perform tracheoplasty also under bypass. All dissection prior to these steps is done under ventila-

tory anesthesia to minimize bypass time.

The exact proximal end of the stenosis is identified with a bronchoscope, usually flexible. With tran-

sillumination of the trachea, at the point of stenosis, a fine needle is used to locate it precisely, marking the

point with a fine suture. The lower end of the stenosis is generally evident. The trachea is divided trans-

versely at the midpoint of stenosis after dissecting circumferentially only at this level (see Figure 33-3A).

Ventilation is continued across the operative field, most easily after the lower stenotic segment has been

incised vertically anteriorly. The endotracheal tube is usually passed into the proximal left main bronchus,

which provides very adequate left lung ventilation (see Figure 33-4B). It may be episodically removed for

brief periods to facilitate suture placement and then easily replaced. Tsang and Goldstraw and their col-

leagues’ original technique incised the upper segment anteriorly and lower segment posteriorly.10 I prefer

to open the lower segment anteriorly, allowing easy insertion of the endotracheal tube .11 The lateral attach-

ments of the segment remain undissected to guarantee blood supply. The upper stenotic segment is dis-

sected posteriorly, and to a lesser extent laterally, only until posterior vertical incision of the stenosis can be

FIGURE 33-4 Management of ventilation during repair of long congenital stenosis, when cardiopulmonary bypass is not needed. A, Tight-
ness of stenosis most often requires a small bore endotracheal tube (ET) to reside above the narrowing. B, After division of trachea, the distal
segment is opened anteriorly and a second ET passed into the left main bronchus (LMB). Another small bore tube can be directed into the
right if necessary, but it rarely is. C, After all sutures have been placed, the proximal ET is directed into the LMB and anastomosis performed.
D, When the anastomosis is completed, the ET tube is retracted proximally to ventilate both lungs.
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clearly performed. It is essential that the entire length of stenosis be incised. Inferiorly, this frequently

requires that the tracheal incision reach the carina. At the point of intersection of the vertical incisions with

the transverse tracheal division, the corners are trimmed conservatively to round the respective ends of the

trachea for insertion at the apices of the vertical incisions during reconstruction (see Figure 33-3B). The

originators of the technique dissected the entire stenotic segment circumferentially and noted no devascu-

larization in a limited experience.10 I have preferred to conserve as much blood supply as possible. No

devascularization problems have occurred in 8 patients aged 10 days to 19 years.12

Traction sutures help during suturing and in approximating the tracheal ends. In a low stenosis, I

place one suture at each tracheobronchial angle, using 4-0 Vicryl in infants, and a single suture near the tip

of the superior flap which lies anteriorly (see Figure 33-3B). Tentative approximation may be tested by

drawing these sutures together while the patient’s neck is gently flexed (see Figure 33-3C). Even with very

long stenosis, approximation has been easily effected without clinically evident tension. In one patient who

had undergone previous extensive mediastinal dissection, including anastomosis of a posterior pulmonary

artery to superior vena cava, tracheal mobility was somewhat limited, but still feasible.12

Anastomosis is made with 4-0, 5-0, or 6-0 Vicryl sutures depending upon the patient’s age and tra-

cheal dimensions. I prefer interrupted sutures. The first is placed as a mattress suture from the apex of the

“tongue” of the inferior tracheal segment to the top of the posterior vertical incision in the proximal seg-

ment. All sutures are placed so that the knots will lie outside of the tracheal lumen. Sutures are placed suc-

cessively on both sides, working down from posterior to anterior. Attention is paid to even spacing about 

3 mm apart. Sutures pass through the full thickness of the tracheal wall. Each suture is clipped with a hemo-

stat and fastened serially to the drapes with a second hemostat. All anastomotic sutures are placed before

any are tied. The endotracheal tube can be removed at intervals briefly for suture placement if necessary,

since the patient is kept fully oxygenated. Once all sutures have been placed, an endotracheal tube is passed

down from the proximal trachea into the left main bronchus (see Figure 33-4C). Generally, sutures are tied

in reverse order of placement, commencing in anterior midline inferiorly and progressing up on either side

to the apical posterior suture. The stay sutures and cervical flexion minimize tension during anastomosis.

The endotracheal tube is retracted into the upper trachea, and the anastomosis checked for integrity under

saline (see Figure 33-4D). The anastomosis is examined via endotracheal tube with a flexible pediatric

bronchoscope. Stay sutures are removed (see Figure 33-3D).

The thymic lobes, divided in the midline during initial exposure, provide convenient tissue for a 

“second-layer” closure. Since the trachea has been reconstructed with tracheal tissue, an endotracheal tube

is not necessary as a stent postoperatively. Most often, the endotracheal tube can be removed at the con-

clusion of the operation or the next day, if it is initially needed for suctioning. Guardian chin sutures to

restrain hyperextension have been used. Drastic flexion is avoided. Laryngeal release has not been required

in our experience.

Slide tracheoplasty may well be the procedure of choice for long congenital tracheal stenosis. The

advantages are numerous. The trachea is repaired with native trachea, which is lined with normal tracheal

epithelium and has firm cartilaginous structure. The trachea grows with the child.12 Intraoperative suspen-

sion and postoperative intubation for splinting, with many days of ventilation, are not required. Bypass is

unnecessary except where there is a concomitant lesion such as a pulmonary artery sling that needs reim-

plantation. Because of the immediate approximation of epithelium to epithelium, granulation tissue forma-

tion is very rare and minimal, obviating the need for multiple therapeutic bronchoscopies postoperatively.

Other Techniques

With complex anomalies, ingenuity may be required. Congenital stenosis may be associated with anom-

alous right upper lobe bronchus (bronchus suis), bridging bronchi, stenotic main bronchi, degrees of
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FIGURE 33-5 Tracheobronchogram showing a complex
stenosis. A segment of relatively mild stenosis lies proximal
to an anomalous right upper lobe bronchus. The stenotic
“bridge bronchus” below shows maximal narrowing in its
most proximal portion. The main bronchi are adequate in
diameter.

FIGURE 33-6 Resection of “bridge bronchus” and anastomo-
sis shown in Figure 33-5. The apertures must be carefully
designed to avoid anastomotic kinking. The patient had a
tracheostomy on arrival. Reproduced with permission from
Grillo HC et al.12



bronchomalacia, and, as noted, pulmonary artery sling. I have used Cantrell and Guild’s technique for

management of a “bridging” bronchus that was extremely narrow and funneled to a tiny diameter at its

proximal end (Figure 33-5).13 Neither patch nor slide tracheoplasty would have sufficed. The bronchus was

short enough so that it could be resected, and the junction of trachea and right upper lobe bronchus could

be anastomosed to the residual “carina” between right and left “main” bronchi (Figure 33-6). Slide 

tracheoplasty was successfully used in another bridging bronchial stenosis (Figure 33-7). It should be 

possible to modify the slide technique to widen proximal main bronchi if necessary (Figure 33-8), although

I have not yet encountered this situation. Where I encountered circular tracheal rings in the main bronchi,

the narrowing was not severe enough to require bronchial enlargement.

Repair of Congenital Tracheal Lesions 673

FIGURE 33-7 Slide tracheoplasty applied to an obstructive bridge
bronchus. A moderate proximal tracheal stenosis was of no clinical
importance. The anomalous pulmonary artery “sling” was also
repaired, if only to provide access to the stenosis.
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sary length for slide bronchoplasties also. The dashed line indicates proximal extent of posterior incision of upper portion of
stenosis. We have not yet encountered this situation and must emphasize that this technique is untested.
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Laryngotracheoesophageal cleft is a rare, congenital anomaly that results from failure of separation of the

trachea and esophagus (see Figure 6-4 in Chapter 6, “Congenital and Acquired Tracheal Lesions in Chil-

dren”).1,2 Early manifestations are related to the airway and feeding difficulties. Associated malformations

should also be recognized. Many of these patients have foreshortened tracheas and most also have micro-

gastria with severe gastroesophageal reflux. This description of technique for repair is limited to the most

extensive clefts: type III, which extends to the carina; and type IV, in which the cleft extends into one or

both mainstem bronchi.

Patients present with respiratory distress related to the floppy airway or with aspiration with feeding.

They are often difficult to ventilate after intubation because of the connection between the trachea and esoph-

agus, and may require cuffed endotracheal tubes to maintain airway pressure. There also seems to be an asso-

ciation with esophageal atresia and often the cleft is not identified until after repair of esophageal atresia.

When suspected, diagnosis is best confirmed by rigid bronchoscopy. Identification of the cleft is usu-

ally obvious for the most extensive lesions (Figure 33-9). However, due to floppiness of the tracheal rings,

examination can sometimes be confusing. During rigid bronchoscopy, the bronchoscope “drops” posteri-

orly through the larynx and into the esophageal space. Maintenance of ventilation during bronchoscopy

can be difficult. The anatomy must be carefully assessed, in order to adequately plan repair and stabilize the

infant. The length of the trachea needs to be very precisely evaluated. It is very easy to be fooled into think-

ing that the trachea looks normal when, indeed, the long left mainstem bronchus is being visualized, with

the right bronchial origin hidden in folds of the esophagus.

After securing the airway, the initial step in caring for these patients is to do a laparotomy and divide

the stomach, placing a draining tube in the proximal aspect and a feeding tube in the distal part of the

stomach. Because of the associated microgastria and the concurrent massive gastroesophageal reflux that

these patients have, this is the safest way to protect the airway and the lungs during the recovery period and

allow enteral feedings, thus avoiding the risk of long-term parenteral nutrition. Intestinal continuity can be

reconstructed at a later date.

Daniel P. Ryan, MD

33B LARYNGOTRACHEOESOPHAGEAL CLEFT REPAIR
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The patient can often be cared for without cardiopulmonary bypass. However, there is no direct contra-

indication to bypass for this procedure. If it is elected, extrathoracic cannulation is usually easiest and should

only be necessary for the duration of the procedure, since the airway will be secure at the completion of the

repair. We have not used cardiopulmonary bypass for cases like this, but have used it in other patients to sta-

bilize their respiratory situation while evaluation was proceeding.

Often, the most difficult aspect is securing the airway prior to operation. Under endoscopic guidance,

we have introduced custom-made bifurcated endotracheal tubes into the respective mainstem bronchi in

order to secure the airway and avoid cardiopulmonary bypass. Because of the small size of the tubes, it is

sometimes difficult to keep them in place and to secure them. We have used a tracheostomy incision high

up in the airway, with a catheter looped around the endotracheal tube, in order to secure it anteriorly and

maintain ventilation (Figure 33-10A).

After the airway is secure, the operative approach can be planned. In patients who have a normal

length of trachea, a combination of a right cervical incision and right thoracotomy provides the necessary

exposure. In those with a foreshortened trachea, a cervical incision with perhaps a minor extension into the

sternum is all that is necessary.

After the common tracheoesophagus is exposed, we prefer to make an incision on the right side along

the junction between the tracheal cartilages and the wall of the esophagus (see Figures 33-10A,B). At this

point, the endotracheal tube can be fitted into its best position under direct vision. The incision is started

at the midpoint of the trachea and carried down to the distal extent of the cleft. One then needs to fashion

a second incision on the wall of the esophagus, which will then be brought around posteriorly to create the

“trachealis muscle” in the airway (Figures 33-11A,B). At the distal ends, the incision into the esophagus

must be tailored in order to provide flaps of tissue to close the cleft into each mainstem bronchus (see 

Figures 33-10, 33-11). Care must be taken to avoid taking too much tissue, causing tracheobronchomalacia,

which can be very problematic in the long-term. Usually, there is sufficient esophageal tissue so that

esophageal narrowing has not been a long-term issue.

Carina

LMB

RUL

RMB

Edge of
tracheoesophageal

cleft

Tube in
esophagus

FIGURE 33-9 Bronchoscopic view at carina of laryngo
tracheoesophageal cleft type IV. The carina is flattened. The
right upper lobe bronchial orifice is out of view (indicated by
dotted circle). A nasogastric tube is in the esophagus. LMB,
RLM = left, right main bronchus.



We usually begin the repair distally in the mainstem bronchi, suturing the “esophageal muscle flap”

to the cut edge along the tracheal cartilages (see Figures 33-11A,C). We have used 5-0 Vicryl or polydiox-

anone sutures in either running or interrupted fashion. This gives an airtight closure and, starting distally,

helps to prevent dislodgment of the endotracheal tube.

After the distal trachea and bronchi are closed, and before the repair is completed above, the bifur-

cated endotracheal tube is removed and a tracheostomy tube is placed under direct vision and connected

to sterile ventilator tubing on the field. Alternatively, an orotracheal tube can be positioned just above the

carina to maintain ventilation. We have preferred to use a custom-made “right-angled” tracheostomy tube.

The patients often have concurrent tracheobronchomalacia and require positive pressure ventilation for

some time after repair. The “right-angled” tube has shorter distance between the tube and the neck flanges

that help prevent posterior pressure on the fresh suture lines.

Closure of the larynx and separation from the pharynx can be confusing, because the anatomy is

seen from an unusual position on the right side. We have found that the best way to line up the structures

is to open the pharynx laterally as a continuation of the incision between the tracheal cartilages and the

esophagus below (Figure 33-12A). At the level of the arytenoid cartilages, an incision is made to separate
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Tracheoesophageal
cleft

Tracheoesophageal
groove

FIGURE 33-10 Repair of type IV cleft with
extension into both main bronchi (dotted
line). A, A longitudinal incision is made in
the right tracheoesophageal groove (dashed
line) beginning at the midtrachea. At the dis-
tal extent, the esophageal incision is carried
beneath the mainstem bronchus on the ante-
rior esophageal wall to create a “U” flap. Note
the loop in the tracheotomy, which holds the
endotracheal tube anteriorly in the trachea.
B, Cross-sectional diagram of the trachea and
esophagus showing the location of the longi-
tudinal incision.
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the larynx from the esophagus and pharynx. We start a mucosal closure at that level and proceed inferi-

orly. The landmarks of the superior and inferior edges of the thyroid cartilage approximate the larynx and

the area of the cricoid cartilage (Figure 33-12B). One needs to be careful not to put too much tissue from

the esophagus in this area. There usually is room to place a second layer of suture in the muscles of the

Esophageal flap
(mucosal surface)

Tracheoesophageal
cleft

Tracheoesophageal
groove

Right bronchus

Left bronchus

Left side of
esophagus

Right side of
esophagus

FIGURE 33-11 A, Incision is continued in the
left wall of the esophagus, 1 cm from the left 
tracheoesophageal groove, to create a flap for
reconstruction of a membranous tracheal wall.
Enough tissue is provided at the carinal region
to allow closure of the bronchial clefts. A suffi-
ciently broad flap is created to preserve the left
recurrent laryngeal nerve, which travels in the
left-sided tracheoesophageal groove. B, The
point of division of the left-sided esophageal
wall is indicated. Esophageal mucosa thus
becomes the mucosa of the membranous wall of
the trachea. C, The posterior tracheal wall is
repaired, using interrupted sutures. A continu-
ous suture is used to reconstruct the esophagus
to the level of the inferior cornu of the thyroid
cartilage. Care is taken to avoid redundant
esophageal wall in repair of the trachea in order
to prevent intraluminal prolapse.
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Superior laryngeal
artery and nerve

Recurrent
laryngeal nerve

Continuation of
distal incision

Esophagus

Pharynx opened
partially

Superior
thyroid artery

FIGURE 33-12 Laryngotracheoesophageal cleft
repair. Approach to the proximal segment. A,
Removal of a segment of hyoid bone will expose
the right superior laryngeal nerve and artery.
This is not always necessary. The recurrent laryn-
geal nerve is identified below. The pharyngeal
wall is exposed through the inferior pharyngeal
constrictor muscle. B, After the pharynx is opened
laterally, the cleft larynx is incised from inferior to
superior cornu of thyroid cartilage on each side,
in preparation for layered closure. C, The intra-
laryngeal mucosa is closed, connective tissue and
laryngeal muscle is used to create a layer beneath
this, and the mucosa of the pharynx bordering the
laryngeal cleft is closed behind the laryngeal
repair. The intralaryngeal suture line meets the
membranous wall reconstruction inferiorly.
Finally, the pharyngeal incision is closed.
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larynx posterior to the airway mucosa (Figure 33-12C). The pharynx can then be reconstructed with a

mucosal layer, starting superiorly and coming down inferiorly to meet with the esophageal closure.

If the approach is through a right thoracotomy, we have positioned a pleural flap between the suture

lines. In the neck, the sternal half of the right sternocleidomastoid muscle is brought behind the tra-

cheostomy tube to separate the suture lines. Combination of these maneuvers has minimized recurrent 

fistula formation.

After closing the incisions, we position the patients in a posterior padded splint in order to prevent

movement of the head and neck, avoiding pressure on these new suture lines. The patient is kept sedated

and ventilated for 1 week or more in order to allow the tissues to begin healing before the posterior splint

is removed. We inspect the airway frequently by bronchoscopy after the first week in order to identify gran-

ulation tissue formation and evaluate the degree of tracheobronchomalacia.

The patients can be weaned from muscle relaxants and sedatives and be maintained with continuous

positive airway pressure as they continue to grow, until weaned from positive pressure altogether. In the

long term, some patients have been decannulated, but others, due to the tracheobronchomalacia, require

prolonged internal support with a tracheostomy tube.

In patients with severe bronchomalacia who cannot be maintained with positive airway pressure

alone, we have used a custom-made bifurcated tracheostomy tube. This tube is designed to extend into the

left mainstem bronchus and into the right mainstem orifice to stent these airways open and prevent the col-

lapse and “death spells” that occur in patients with severe bronchomalacia. As the airway grows along with

the children, these tubes are changed to conventional tracheostomy tubes for the long term.
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Cervicomediastinal Exenteration 
and Mediastinal Tracheostomy

General Considerations

Operation

Hermes C. Grillo, MD

A lesion, most often neoplastic, may involve the upper trachea and larynx to such an extent that its removal is

impossible without sacrificing the entire larynx, although it may nonetheless be so localized that extirpation

might lead to cure. Occasionally, even palliative excision is justified, if the lesion is slowly progressive and

would otherwise cause a miserable death by airway obstruction. Lesions that produce these circumstances

include adenoid cystic carcinoma of the larynx and trachea (see Figure 7-20 in Chapter 7, “Primary Tracheal

Neoplasms”), differentiated carcinoma of the thyroid (papillary, follicular, and mixed variants) (see Figure 

8-9 in Chapter 8,“Secondary Tracheal Neoplasms”), a rare poorly-differentiated yet localized carcinoma of the

thyroid, recurrent carcinoma of the larynx at the stomal site, postcricoidal squamous carcinoma of the esoph-

agus, and uncommonly, postirradiation lesions of the larynx, trachea, pharynx, and esophagus (see Figure 

42-4 in Chapter 42, “The Omentum in Airway Surgery and Tracheal Reconstruction after Irradiation”).

General Considerations

If the lesion involves the trachea so extensively that a low cervical tracheostomy is impossible, a mediastinal

stoma must be established. If the mediastinal end of the trachea is pulled up to the surface of the chest wall,

then tension is produced, with likelihood of anastomotic separation, mediastinal sepsis, and death from

erosion of major mediastinal vessels. Numerous solutions were attempted, including the ingenious forma-

tion of a tubular conduit into the mediastinum using crossed flaps of anterior chest wall skin.1 Complex

repairs such as this are still likely to result in failure of primary healing. Sisson and colleagues performed

mediastinal dissection for recurrent laryngeal carcinoma, which required rotation of cutaneous and pec-

toralis muscle flaps.2 I proposed as a solution that the skin surface be brought down to the trachea remain-

ing in the mediastinum, eliminating tension, and further, making a simple stomal anastomosis that would

be more likely to heal.3

This is accomplished by removing the bony chest wall over the upper mediastinum, including bilat-

erally the medial heads of the clavicles and the first two costal cartilages, plus a plaque of sternum down

through the second interspace. The anterior chest wall skin, mobilized as a broad-based bipedicled flap
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with excellent blood supply, falls into the mediastinum where it is sutured to the end of the trachea with-

out anastomotic tension. Initially, this appeared to be a successful solution, but when the trachea was cut

very short, nonhealing of the suture line at the point where it overlay the innominate artery still occa-

sionally occurred, with the possibility of hemorrhage from the brachiocephalic artery. Modifications

were introduced that seemed to have solved the problem: elective division of the brachiocephalic artery,

monitored by electroencephalogram, and/or rotation of omental pedicle flaps.4–6 Waddell and Cannon

suggested transposition of the distal tracheal stump to the right side of the junction of the brachio-

cephalic artery and aorta to reduce tension on the cutaneous anastomosis, but their maneuver did not

solve the problem. This maneuver was also proposed by Orringer, who also concluded that the single

transverse skin incision allowed sufficient cutaneous mobility without creating a bipedicled flap, when

rotational flaps were not needed.7

The complexity of operation depends upon the pathology. Cervical exenteration for postcricoidal car-

cinoma of the esophagus requires laryngectomy, upper trachiectomy, pharyngectomy, and esophagectomy.

Esophageal reconstruction is done by bringing up the stomach or the left colon, either in the bed of the

resected esophagus or substernally, with anastomosis to the pharynx and establishment of a tracheostomy

low in the neck rather than in the upper mediastinum. Cervicomediastinal removal of extensive adenoid

cystic carcinoma may well not require esophagectomy. The pharyngeal defect is closed, as in total laryngec-

tomy, and mediastinal tracheostomy established. However, if the mobilized stomach is to be used for 

gastrointestinal continuity rather than the colon, the residual esophagus is best removed by the transhiatal

technique. The gastric tube is usually placed substernally. If only a portion of the anterior esophageal wall

is involved, as occurs in some thyroid cancers, this is excised and the esophagus repaired longitudinally in

layers. When major invasion of the esophagus has occurred, either by extensive recurrent thyroid carcinoma

or recurrent laryngeal carcinoma at the stoma, complete exenteration is necessary, with mediastinal 

tracheostomy and esophageal substitution to the pharynx. Cutaneous invasion requires design of unique

chest wall flaps, usually myocutaneous.2,7 Irradiation adds further difficulty both in dissection and in its

effect on potential for local tissue healing. Since there is such variation in the extent of pathology, each pro-

cedure must be planned individually. Preoperative studies should include endoscopy of both the airway and

upper digestive tract. Barium swallow helps to delineate esophageal involvement prior to esophagoscopy. A

computed tomography scan is essential to detect the extent of invasion into cervical and mediastinal struc-

tures; the contrast helps to define invasion of the carotid or brachiocephalic arteries and the jugular veins.

For precise definition, an aortic arch angiogram may be useful. In patients in whom the tracheal stoma is

likely to be very low, an aortic arch angiogram may be needed to define the patency of the carotid and ver-

tebral vessels and anastomoses of the circle of Willis. This information will be important if it becomes nec-

essary to divide the brachiocephalic artery. If the colon is likely to be used for reconstruction of the esoph-

agus, angiography of the superior and inferior mesenteric arteries demonstrates their patency, adequacy of

marginal arteries, and communication between middle and left colic arteries. Although stomach used as

esophageal replacement will usually reach the cervical esophagus at the base of the neck, it may not easily

reach the partly resected pharynx. The Kocher maneuver may be helpful to mobilize the stomach. Resec-

tion of the lesser curvature in successive segments serves to elongate the lesser curvature and the gastric

tube so created. A left colon replacement is divided in the neighborhood of the hepatic flexure to guaran-

tee sufficient length. Since a left colic artery pedicle is generally most appropriate, the middle colic arcade

must show good communication. This usually requires division of the middle colic artery at its origin to

use the right and left branches as an arcade. The vascular anatomy of the right colon is notoriously variable

and, often, has poor intercommunications. An additional option, rarely necessary, is free jejunal interposi-

tion with vascular anastomosis. Prior cervicomediastinal irradiation makes this inadvisable because of the

danger of anastomotic thrombosis of the irradiated recipient arteries.



I routinely prefer to transfer the omentum into the neck and mediastinum in these patients. It is

either mobilized with the stomach, leaving the right gastroepiploic artery intact to supply both the stom-

ach and omentum, or pedicled separately on the right gastroepiploic artery if the colon is advanced. It pro-

vides an excellent buttress for esophageal and pharyngeal suture lines, a secure seal between the trachea and

skin stoma, and covering for mediastinal vessels and vascular suture lines. It is especially valuable where the

field has previously been irradiated.

If the operation is accomplished successfully, then despite its magnitude, the patient will be left with

the anatomic defect of a “simple” laryngectomy. Many patients learned to use an electrolarynx or other

device quite successfully. A few developed an “esophageal voice,” even with a colonic or gastric bypass. Thy-

roid and parathyroid replacement therapies were necessary in many. There are the usual difficulties atten-

dant to gastric or colonic replacement of the esophagus. Late development of thoracic outlet symptoms,

from sagging of the shoulder girdle due to loss of clavicular attachments, has also occurred. If stomal steno-

sis occurs, it is directly managed by dilation and placement of a small silicone prosthesis. Excision of scar

and reanastomosis or local Z-plasties at the stoma produced variable results.

Operation

Preparation

The patient is positioned supine with an inflatable bag behind the shoulders to produce cervical extension.

The hips and knees are slightly flexed so that the upper cervicosternal field is horizontal without having the

legs dependent during the long procedure. Dependable arterial and venous access to the arms is obtained

in the same manner as described for anterior approach to the trachea, remembering that interruption of

the brachiocephalic artery and left brachiocephalic vein is possible. A bladder catheter is necessary for such

a prolonged procedure. Electroencephalographic leads are usually placed when there is any likelihood of

division of the brachiocephalic artery. The operative field includes the entire neck, from the chin superior-

ly to the trapezius muscles and the lateral ends of the clavicles laterally. The entire anterior chest wall and

abdomen are prepared, well laterally to the midaxillary line. The anterior surface of one thigh is prepared

for possible harvesting of a split thickness skin graft and, less likely, saphenous vein excision for arterial

replacement.

Exploration

The cervical incision is made first to determine whether the lesion can be removed and reconstruction

accomplished. The initial incision is transverse and follows the line of the clavicles at the base of the neck

(Figure 34-1). If resection is to be performed, the incision is extended laterally and turned downward slight-

ly at either end as the shoulder is reached in order to allow the flap to be moved caudad and into the medi-

astinum more easily. The upper skin flap is elevated superiorly, with platysma attached to a point above the

hyoid bone. If skin must be removed with the specimen due to invasion by tumor, this area is outlined dur-

ing initial elevation of the flaps and remains with the specimen. In such case, the incision will require indi-

vidual planning. Inferiorly, the skin flap is initially raised to the sternal notch. The mode of exploration will

necessarily vary with the lesion. Strap muscles are usually left attached to a bulky tumor in the case of thy-

roid carcinoma. If not involved, the strap muscles are separated in the midline, elevated, and eventually

divided inferiorly at the sternal level. Often, to determine resectability, it is necessary to develop the plane

medial to the sternocleidomastoid muscles and to the internal jugular veins and carotid arteries to discover

whether tumor has invaded these vessels. If there is no involvement of the thyroid gland on one side or both,

the isthmus is divided in the midline and the lobes turned laterally, with the superior thyroid blood supply

intact. This will permit continued thyroid and parathyroid function, if not already destroyed by irradiation.
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However, if tumor invades the thyroid gland, it is removed en bloc with the specimen. No irrevocable moves,

such as division of functioning recurrent laryngeal nerves, are made until a final decision has been made that

the lesion is indeed removable either for satisfactory palliation or possible cure. I have been willing to sacri-

fice one internal jugular vein, if necessary, but have generally preferred not to add carotid artery replacement

to this extensive oncologic procedure, unless the problem is uniquely promising.

The inferior extent of a tumor and its possible invasion of mediastinal structures must be assessed to

determine resectability. The inferior skin flap is elevated from the pectoral fascia with cautery, raising it

from medial to lateral in order to follow the natural lines of the pectoral muscle fibers. The flap is retract-

ed and elevation carried broadly to a point below the second interspace over the sternum. The sternoclei-

FIGURE 34-1 Incisions for cervicomediastinal exenteration and mediastinal tracheostomy. The neck and mediastinum are
explored through the upper horizontal incision. The lower parallel horizontal incision is made later when the decision has
been made to proceed with resection. The upper midline laparotomy incision provides for mobilization and transfer of the
pedicled omental flap and esophageal substitute, if the procedure is to be completed.



domastoid muscles are detached from the sternum and clavicles bilaterally (Figure 34-2A). The pectoral

muscles are elevated on either side from the midline of sternum to expose the cartilages of the first and sec-

ond ribs and medial portions of the first and second intercostal muscles (see Figure 34-2A). Most of this

dissection is done with cautery. In baring the heads of the clavicles, which are likely to be resected later, the

periosteum is left on the bone. If periosteum remains in the tissues, bone spurs are likely to form. The mar-

gins of the sternum in the second interspace are developed bilaterally, below the angle of Louis, with care

taken to avoid the internal mammary vessels. The mediastinum is dissected bluntly away from the under-

surface of the bone. The sternum is divided transversely, using either a Gigli saw, a Lebsche knife, or a ster-

nal saw. The undersurface of the sternum is bluntly dissected from the sternal notch, and the proximal ster-

num is divided from the notch to the transverse sternal division (see Figure 34-2A). The margins of the

divided sternum are spread with a sternal retractor, permitting definitive assessment of the extent of medi-

astinal tumor. This access also facilitates later removal of the anterior chest wall segments.

Resection 

In the cervicomediastinal field, the anterior bony plaque is removed (Figure 34-2B). This commences by dis-

secting circumferentially beneath the clavicle, on either side, at a point approximately 4 cm from the medial

end of the bones, with care taken to avoid injury to the subclavian vein. A Gigli saw is passed beneath the

bone, and with pressure on the bone to prevent binding of the saw, both clavicles are divided. The intercostal

muscles are carefully separated from the lateral margins of the sternum and the second costal cartilages are

divided. The divided sternal segments are elevated on either side from the underlying mediastinal tissues.

After dissecting beneath the first cartilages, these are divided and, keeping dissection close to the junction of

clavicles and sternum, the segments of bony plaque on each side are resected (Figure 34-2C).

Tactics for removal of the specimen depend upon what structures are involved. In general, lateral dis-

sections are completed, exposing the medial margins of the carotid arteries and jugular veins. The dissec-

tion extends posteriorly toward either the esophagus, if it will remain, or to the anterior surface of the ver-

tebral bodies, if laryngotracheoesophagectomy is necessary. Handling of the thyroid gland and strap

muscles has been discussed.

The trachea is dissected circumferentially at the level of proposed division, taking care not to destroy

blood supply to the distal trachea. Lateral traction sutures of 2-0 Vicryl are placed on either side through

the full thickness of the tracheal wall, one ring below the anticipated level of division, and the trachea is

then divided. Intubation is carried out across the operative field with a flexible armored tube. The distal

margin is examined by frozen section. The proximal end of the trachea is retracted with Allis forceps to ele-

vate the esophagus. If anterior exenteration only is being done, resection is carried upward on the

preesophageal plane to remove the specimen en bloc. Localized invasion of the esophageal wall may be

excised, either with muscularis alone or full thickness, as indicated. If the upper esophagus only is to be

removed with the specimen, dissection is carried distally into the mediastinum, as far as is desired, before

esophageal transection and closure. If the colon is to be used for replacement of the esophagus, there is no

reason for a total esophagectomy. The entire specimen, including the trachea and esophagus, is elevated

from the prevertebral fascia and dissected to its cervical attachments (see Figure 8-9 in Chapter 8, “Sec-

ondary Tracheal Neoplasms”). If the stomach is used for reconstruction, the entire esophagus is resected by

completing the dissection transhiatally from below, facilitated by Pinotti’s maneuver of dividing the

diaphragm from the hiatus forward to the sternum.

Proximally, the hyoid bone and epiglottis are usually removed with the larynx. A residual epiglottis

can interfere with swallowing. Muscles attaching to the superior margin of the hyoid bone are divided, as

described for the laryngeal release procedure (see Figure 24-19 in Chapter 24, “Tracheal Reconstruction:

Anterior Approach and Extended Resection”). The posterior cornua of the hyoid bone may be divided and
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FIGURE 34-2 Exposure of the operative field and exploration. A, The upper skin flap has been elevated to the hyoid bone. Cervical exploration is
completed first to determine operability in that region. The lower flap is then elevated to below the sternal angle. The pectoralis muscles are reflect-
ed as shown. B, The sternum is divided vertically through the manubrium and across the second interspace, allowing full exploration of the medi-
astinal trachea and extent of involvement. For succeeding steps, the sternocleidomastoid muscles are divided from the clavicles and medial heads
from the sternum. C, The plaque of sternum, which was divided for exploration, is removed with the medial heads of the clavicles and the first two
costal cartilages on either side. The already divided sternum facilitates removal of bony segments.
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left in place. The lateral musculature of the larynx is divided and the pharynx entered just above the epiglot-

tis and on either side above the hyoid bone. Sutures are placed to mark the mucosa—in the anterior 

midline, laterally, and, finally, posteriorly above the cricopharyngeus (Figure 34-3A). The proximal extent

of tumor sometimes may be visualized directly through the opened pharynx.

A substernal tunnel must be made wide enough to permit passage of the esophageal substitute and

omentum. In making the tunnel, it is better to keep the hand to the left of the midline over the heart. This

helps to avoid herniation of the colon into the right chest and possibly redundance of the colon bypass

later. It also minimizes the occurrence of a right pneumothorax during dissection.

Once it is clear that the operation can proceed, a second team commences the abdominal portion of

the procedure. The omentum is mobilized from the transverse colon, preserving all of its components,

since it will be transferred into the neck. If the colon is to be used for reconstruction, the omentum is usu-

ally pedicled on the right gastroepiploic artery in order to reach the pharyngeal level (see Chapter 42, “The

Omentum in Airway Surgery and Tracheal Reconstruction after Irradiation”). If the stomach is used for

reconstruction of the esophagus, the omentum remains attached to the greater curvature and will be trans-

ferred upward with the stomach. The abdominal team is charged with providing an adequate length of

omentum and an adequate segment of well-vascularized gut for reconstruction of the esophagus. Even
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FIGURE 34-3 Reconstruction of the gastrointestinal tract and
fashioning of mediastinal tracheostomy. A, The operative field
after resection of the larynx, trachea, thyroid gland, tumor,
and involved lower-most pharynx and upper esophagus.
Contents of the neck between the carotid sheaths down to the
prevertebral fascia have been removed en bloc. The lateral
traction sutures in the distal residual trachea are shown.
Intubation is done across the operative field. For a very short
tracheal stump, the innominate artery is electively divided and
sutured closed following appropriate pre-operative studies and
with electroencephalogram monitoring. Four sutures are
placed in the pharyngeal end for alignment of anastomosis.
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where the entire esophagus is removed transhiatally, I prefer to advance the esophageal replacement sub-

sternally. It is a shorter route for the colon and, in the case of the stomach, permits the bulky omentum to

be advanced easily with the stomach.

Reconstruction

The level of the mediastinal tracheostomy must be determined. The end of the distal trachea is gently

drawn upward in the mediastinum, using the lateral traction sutures. If it is not well above the brachio-

cephalic artery, elective division of the artery will have to be considered (see Figures 34-3A,B). This is not

done lightly, but the hazards of erosion of the artery are great if the stoma lies at the last few centimeters of

trachea above the carina. The surgeon should have obtained information about the patency of the carotid

and vertebral arteries preoperatively. If it appears that the brachiocephalic artery might be endangered by

proximity of the stoma, it is preferable to divide the artery. The brachiocephalic artery is temporarily

occluded atraumatically and the electroencephalogram (EEG) is carefully observed over a period of 20

minutes. If there is no change in EEG pattern, it is usually safe to divide the artery. The artery is never lig-

ated, but rather is divided, and the proximal and distal ends oversewn with two layers of vascular suture

FIGURE 34-3 (CONTINUED) B, Reconstruction beginning with the left colonic segment anastomosed widely to the pharynx. The curve of the
colon is such that anastomosis is usually made end-to-side, although end-to-end is occasionally possible. The stomach is used frequently.
Either is advanced substernally. C, The omentum has been advanced substernally and arranged to cover pharyngogastric or colonic anasto-
mosis, to protect sutured ends of the innominate artery or that artery in continuity, and is also sutured to the emerging stump of trachea one
ring below transection. The tracheal stump is passed through an aperture made in the omentum. Traction sutures are in place for ease of
manipulating the tracheal stump. See the text for description of advancement of the omentum.

B C



material. It is essential that the carotid–subclavian communication be intact on the distal side. In numer-

ous cases of emergency and elective division of the artery, we have not seen neurological damage.8,9 One

patient suffered from faintness following division when he stood up quickly, but this passed with time.

Another patient, after division, complained of transient weakness in the right arm, when used for heavy

work. F. G. Pearson (personal communication) reported a young patient who had transient neurological

sequelae following brachiocephalic artery division.

The substernal colon or stomach is delivered to the left of the tracheal stump and pharyngoenteric

anastomosis is performed (Figure 34-3B). In the stomach, an appropriate linear incision is made, which is

adequate for a broad anastomosis. The end of a colon segment may be used, but if it does not lie in easy

apposition to the pharynx, the end is closed with staples, oversewn with interrupted 4-0 silk sutures, and

the pharynx anastomosed to the side of the colon. Anastomosis is done with two layers of 4-0 Vicryl or silk

sutures, using great care and precision in the placement of each suture. A posterior layer of sutures is placed

first, prior to opening the replacement organ. After all posterior seromuscular wall sutures have been placed

and tied, the replacement organ is opened and the full thickness of the mucosa and muscular wall of either

the colon or stomach is sutured to the mucosal layer only of the pharynx. This inner layer is completed

anteriorly with inverting sutures and then the anterior seromuscular outer layer of sutures is placed. With

precise anastomotic technique and omental buttressing, leakage is unlikely, even where the proximal end

has received high-dose irradiation in the remote past. The key here is that the distal side of the anastomo-

sis and the omentum are unirradiated.

The omentum is delivered from beneath the sternum and spread out. If the stomach or colon and

omentum are first placed in a flexible plastic bag (such as that used for sterilization of laser equipment), it

greatly facilitates their delivery through the substernal tunnel. The omentum is divided into two tongues,

taking care not to injure its blood supply. One is sutured against the pharyngoesophageal closure, or around

the pharyngocolonic or pharyngogastric anastomosis, to buttress these sutures lines. The other wraps the

trachea circumferentially beneath the stoma (Figure 34-3C). The omentum is carefully interposed between

the trachea and innominate artery or its divided ends. It is essential that any vascular ends be buried in

healthy tissue (see Figure 34-3C). The omentum serves several functions in respect to the trachea: it pro-

vides buffering between the trachea and the artery or its sutured ends; it provides healthy and unirradiat-

ed tissue around the trachea, if the trachea has been irradiated; and it provides a seal, if the tracheal end

separates from the skin in whole or in part postoperatively. This has effectively prevented brachiocephalic

arterial hemorrhage. The omentum is sutured to the tracheal wall subterminally (see Figure 34-3C), leav-

ing enough length for anastomosis to the skin and subcutaneous tissues.

The lower incision for creation of the bipedicled anterior cutaneous flap is made. It runs from the

right to the left anterior axillary lines beneath the breasts (see Figure 34-1). The flap is raised from the ster-

num and the pectoralis muscles laterally, meeting the dissection plane from above. Retraction on either side

permits lateral access. The surgical plane lies on the pectoral fascia to avoid injuring the blood supply to the

flap. Perforating vessels are encountered and controlled. The fully dissected flap is slid upward and deeply

into the mediastinal defect. A point in its midline is selected for emergence of the tracheal stoma. A circle

of skin is excised, about equal to the size of the trachea (Figure 34-4A).

The subcutaneous tissues of the flap at the margin of the stoma are sutured to the tracheal wall, just

below the cut end of the trachea and above the ring of omentum. These may be placed from beneath the

flap and tied by palpation. The lateral traction sutures draw the tracheal stoma through the cutaneous

opening and the subcutaneous sutures are tied. The endotracheal tube may be successively removed for

convenience as the cutaneous anastomotic sutures are next placed. 4-0 Vicryl sutures pass through the skin

margin and then through the full thickness of tracheal wall. Four sutures—one anterior, one posterior, and

one at each lateral margin—are initially placed to align the anastomosis. Three to four sutures are placed
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FIGURE 34-4 Completion of tracheostomy. A, Tracheostomy
is implanted in a carefully-made circular excision in the skin
flap. Anastomotic sutures are placed circumferentially
between the skin and mucosa of the trachea, as described in
the text. Subcutaneous sutures to the trachea are sometimes
also used. The lateral tracheal stay sutures are removed as the
tracheocutaneous sutures are placed. B, The completed
stoma. C, The completed reconstruction. The central defect
below the flap is covered with a split-thickness skin graft
overlying intact chest wall. An attempt to close the skin 
primarily is likely to place undue tension on the margins of
the mediastinal tracheostomy. Subcutaneous, cervical, and
mediastinal drains are shown.
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between each of these four sutures to surround the stoma. The mucosa is accurately approximated to the

skin (Figure 34-4B).

Multiple flat suction drains are placed through lateral stab wounds to drain the neck, mediastinum,

and subcutaneous spaces. The upper incision is closed using subcutaneous and subcuticular sutures or skin

sutures. Usually, the upper incision can be closed without tension. Slight duskiness may be seen in the skin

around the stoma at this time. It will almost invariably recover, provided there is no tension.

The lateral parts of the inferior flap incision may be sutured closed, but the central defect should be

allowed to remain unstretched even if it seems possible to pull the gap together. This could place too much

tension on the mobilized flap. The cutaneous gap overlies healthy lower anterior chest wall, well below the

sternal defect. It is closed with a split-thickness skin graft (Figures 34-4C, 34-5).

If the vagus nerves are divided, pyloroplasty or pyloromyotomy is added. A feeding jejunostomy is

placed. If colon bypass has been used and the stomach remains in the abdomen, a draining gastrostomy is

also placed. If transhiatal esophagectomy has been done, a posterior mediastinal drain is brought out

through the abdomen.

If the patient requires ventilation postoperatively, a flexible armored tube is placed in the trachea and

carefully taped to the skin. Cuff pressure is minimal. The angle of a tracheostomy tube is inappropriate for

a mediastinal tracheal stoma. Every effort should be made to discontinue ventilation as soon as possible,

since the pressure from the cuff and the presence of the tube may interfere with healing of the proximal

trachea. Humidity via a tracheotomy mask is necessary.

If a significant amount of anterior chest wall skin has necessarily been excised, as in the case of stom-

al recurrence of laryngeal carcinoma, either rotational or island musculocutaneous flaps must be planned.

These are individually designed for each patient. The mediastinal tracheostomy will emerge through the flap.
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FIGURE 34-5 Final result after resection of the larynx, trachea, esopha-
gus, thyroid, plus left cervical node dissection in a 69-year-old man. The
brachiocephalic artery was divided, the left colon was used for esophageal
reconstruction, an omental pedicle was advanced, and mediastinal 
tracheostomy was then established. The tumor was an unusual 
squamous cell carcinoma of the thyroid, with negative lymph nodes. The
defect from upper sternectomy, resection of clavicular heads, and the first
two cartilages is visible, with the end tracheostomy to the right of the
midline. The skin graft has contracted. The patient learned effective
speech with an electrolarynx, and continued to serve as a moderator in
town meetings. He died 3 years later from coronary artery disease, without
recurrence of tumor.
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Results

Since cervicomediastinal exenteration and mediastinal tracheostomy describe procedures rather than dis-

ease entities, a brief review of results of the operation is in order. Of 18 patients reviewed, who required

mediastinal tracheostomy, 5 had prior failed operations and 11 had received irradiation of between 5 and

6,000 cGy.9 Seven had elective division of brachiocephalic artery (under EEG monitoring). Colon bypass

was used in 10, the stomach in 3, and a reverse gastric tube in 1 patient. In 4 patients, portions of the

esophageal wall were removed. Omentum was used in 11 individuals.

In 10 cases, there were no complications; 2 esophageal leaks healed on drainage. Stomal separation was

managed conservatively in one and in a second by pectoral flap. Hemiplegia occurred only where the carotid

subclavian bifurcation was resected and this was promptly managed successfully by vascular bypass. One

patient died from necrosis of the reversed gastric tube. Five required later stomal revision. Many of the earlier

patients did not have circular excision of skin for their stomas. Survival was disease dependent. Palliation of

esophageal and tracheal obstruction was achieved in all.9

Despite the magnitude of the procedure, cervicomediastinal exenteration does provide gratifying pal-

liation in carefully selected patients. Meticulous attention to the host of details recorded above is essential

in order to obtain satisfactory results and to avoid disastrous complications.
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Anatomy and Function

The larynx extends from the epiglottis to the lower margin of the cricoid cartilage, and includes the epiglot-

tis, the thyroid cartilage, the cricoid cartilage, and the arytenoids. The thyroid cartilage sits on top of the

cricoid cartilage, which is signet ring-shaped with the broader margin posteriorly. The arytenoids sit on

either side in the superior border of the posterior cricoid lamina, forming the cricoarytenoid joints. From

the anterior medial border of each of the arytenoids arises the vocal process, the point of insertion of the

vocalis muscle, which forms the muscular substance of the vocal cords. The glottis (also known as “glottic

chink”) refers to the space between the vocal cords.

The intrinsic muscles of the larynx basically function as antagonists to each other (Figure 35-1). The

cricothyroid muscle lengthens and tenses the vocal cord, whereas the internal thyroarytenoid muscle short-

ens and abducts the vocal cord. The external thyroarytenoid muscle shortens and adducts the vocal cord.

The posterior cricoarytenoid muscle abducts the vocal cord, whereas the lateral cricoarytenoid muscle

adducts the cord. The arytenoid muscle, which lies in the space between the arytenoids posteriorly, closes

the posterior commissure and thus adducts the cords. All muscles are innervated by the recurrent laryngeal

nerve, except for the cricothyroid muscle, which is innervated by the external branch of the superior laryn-

geal nerve. The internal branch of the superior laryngeal nerve provides sensory innervation for the larynx.1

The larynx has three main functions; the most basic is respiration. The posterior cricoarytenoid mus-

cle abducts the vocal cords, allowing a clear flow of air through the larynx. This is the “normal” resting posi-

tion of the vocal cords. The second important function of the larynx is protection of the airway, with adduc-

tion of both the true and false vocal cords acting as a laryngeal sphincter closing the airway while

swallowing. In addition, with swallowing, the larynx rises up under the epiglottis which is deflected down-

ward to deflect food and liquid off into the pyriform sinuses away from the laryngeal introitus. The third

function, which is not nearly so basic but important for humans, is phonation, the production of sound.

Phonation is produced by exhaled air interacting with the two nearly opposed vocal cords, whose tension is
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FIGURE 35-1 The intrinsic muscles of the larynx function as antagonists to each other.



controlled by the laryngeal intrinsic muscles. Speech itself is articulated by the mouth, tongue, lips, and

teeth, and resonates in the throat, nose, and mouth.

Assessment

It is very important that the larynx be functioning adequately before tracheal reconstruction surgery is

attempted. Tracheal stenosis resection and primary reanastomosis can be accomplished without a tracheo-

stomy in a setting of an adequate laryngeal airway. Such complex tracheal surgery can only be successful in

the setting of a patent larynx. Adequate evaluation of the larynx for stenosis and/or paralysis and correction

of any problem is essential if subsequent tracheal surgery is to be performed successfully.

Evaluation of the larynx should be done prior to any procedure that might involve damage to recur-

rent laryngeal nerves. The patient should always be questioned as to hoarseness after previous surgery, espe-

cially thyroid surgery or cardiothoracic surgery. A normal voice at the time of admission does not preclude

a vocal cord paralysis on one side. An otolaryngologist should evaluate any patient who has had previous

thyroid surgery, tracheal injury, or upper mediastinal, thoracic, or cardiac surgery before any procedure is

done where damage to a recurrent laryngeal nerve is possible. It is quite common to find a paralyzed cord

in a person with a normal voice who has had a thyroidectomy years before and who, on close questioning,

does remember hoarseness for 4 to 6 weeks after the surgery, but then the voice recovered. If only one recur-

rent laryngeal nerve is functioning, then damage during subsequent surgery to the remaining nerve will

result in bilaterial vocal cord paralysis, causing glottic level obstruction. Laryngeal examination is usually

performed quite easily by indirect mirror examination of the vocal cords. In patients with a strong gag

reflex, anatomic variation, or when a prolonged view is necessary, a fiber-optic laryngoscopy is performed.

This preoperative, awake laryngeal examination provides an assessment of vocal cord function, informa-

tion which is of extreme importance in surgical planning but is not available during endoscopic evaluation

under anesthesia.

Unilateral recurrent laryngeal nerve injury typically causes the affected vocal cord to rest in the para-

median position (not fully abducted or fully adducted) although the exact position varies. In this position,

the glottic airway is not significantly narrowed, and airway complaints are rare; however, the opposing

vocal cord may not be able to provide adequate glottic closure during phonation. This small remaining

glottic gap during phonation results in air escape and a weak and breathy voice. The vocal surfaces are not

irregular and the voice is not truly hoarse. Effective cough, which requires transient, tight glottic closure,

can not be mounted. The degree of vocal change depends upon the exact vocal cord position and the degree

of opposite vocal cord compensation. Unilateral vocal cord paralysis can be associated with significant aspi-

ration depending upon the exact vocal cord position, as the paralytic cord is unable to protect its half of

the glottis from saliva or ingested material, especially liquids. The degree of symptoms (breathy voice, inef-

fective cough, and aspiration) varies with the degree of injury (paresis vs complete paralysis), exact posi-

tion of the paralyzed vocal cord, and the degree of compensation from the opposite vocal cord. Bilateral

vocal paralysis causes a very different constellation of symptoms as compared with unilateral paralysis.

The bilaterally denervated vocal cords typically come to rest in the midline, demonstrating very little

abduction ability. Voice is usually good with this glottic configuration, but respiratory function is compro-

mised. Such patients can present with respiratory distress in the recovery room after bilateral thyroid-

ectomy and may require urgent tracheostomy. Unrecognized respiratory distress without change in voice,

in a patient with bilateral vocal cord paralysis, can result in hypoxia, respiratory arrest, brain anoxia, and

death. Bilateral vocal cord paralysis is usually caused by bilateral thyroid surgery but it can also occur as a

result of neurologic events or neck trauma. Intraoperative recurrent laryngeal nerve electromyography

(EMG), during a thyroidectomy and other surgeries that have risk to the recurrent laryngeal or vagus

nerves, aides the surgeon in locating the nerve and allows the surgeon to assess the functional integrity of
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the nerve at the end of surgery.2 This type of monitoring allows the surgeon to defer contralateral surgery

if there is loss of significant EMG activity during evoked stimulation of the operated nerve on the first side.

In problem cases where a laryngeal abnormality is suspected, or a high tracheal lesion exists, it is usu-

ally helpful to do direct laryngoscopy at the same time that the thoracic surgeon is performing a diagnos-

tic bronchoscopy. At this time, the arytenoids can be palpated to see if they are fixed or if there is actually

cord paralysis. Both the thoracic surgeon and the laryngologist can also more carefully evaluate the sub-

glottic region. For this procedure, we usually use the Holinger laryngoscope with the Lewy suspension. The

subglottic area can be evaluated by passing a zero degree or angled telescope through the laryngoscope,

through the cords into the subglottic larynx and upper trachea, providing a high-resolution image of this

area. This procedure is performed under general anesthesia, administered through the tracheostomy tube

if one is in place, or through a small (5 or 5.5 mm) endotracheal tube that will lie in the posterior com-

missure and not obstruct vision. A quick look can be obtained without intubation if the anesthetized

patient is breathing spontaneously. For further evaluation of the larynx, radiography, using the techniques

discussed in Chapter 4, “Imaging the Larynx and Trachea,” is very helpful. The laryngologist and the tho-

racic surgeon should always personally review the x-rays preoperatively, and not just depend on the report.

This is essential in putting the whole picture together.

The most important decision for the laryngologist to make preoperatively is the adequacy of the lar-

ynx. In my experience, a 4 mm glottic chink is about the minimum that can safely support survival. This is

measured posteriorly and represents the widest aperture between the cords. One can get by temporarily

with a 2 to 3 mm glottis, but this does not allow for the development of any laryngitis or edema with upper

respiratory tract infection. Even a 4 mm glottis will often become inadequate if an endotracheal tube is

passed and left in place for more than a very brief period of time, or if the surgery is in the upper trachea

or subglottic area where there can be interference with the lymphatic drainage of the vocal cords. High tra-

cheal anastomosis or tracheal-thyroid cartilage anastomosis is more likely than lower tracheal work to

induce unforgiving laryngeal edema. Even in the setting of a preoperatively adequate laryngeal airway,

other problems to be found are local laryngeal lesions such as large polyps, tumors of the larynx, acute

laryngitis, or edema as seen in inhalation burn injuries. When one sees an apparent cord paralysis (ie, bet-

ter described as vocal cord immobility), one has to look carefully to decide if this is indeed paralysis or

rather vocal cord fixation from, for example, cricoarytenoid arthritis or some other cricoarytenoid process.

In both (paralysis and fixation), the arytenoids do not move. It is important to distinguish which is the

underlying true cause, as treatment differs significantly. Cricoarytenoid arthritis may be a form of

osteoarthritis from trauma related to either external injury or internal injury from intubation.3 It may also

be part of the generalized picture of rheumatoid arthritis.4 Occasionally, it is seen as the result of long

standing vocal cord paralysis. Other forms of cricoarytenoid dysfunction, such as joint ankylosis secondary

to trauma, may frequently occur in a patient with airway stenosis. If the patient will tolerate a careful exam-

ination, then with arytenoid fixation, one can usually see motion of the midportion of the vocal cord in the

appropriate direction; that is, laterally on inspiration and medially on phonation. With true paralysis,

motion of the cord is paradoxical, with the cord drawn medially on inspiration and pushed laterally on

expiration and phonation. Videostroboscopy may also be helpful in this evaluation. Usually, an indirect

examination is inadequate to give a definite diagnosis, and one must do palpation at direct laryngoscopy to

be sure. Bilateral vocal cord paralysis often coexists with other laryngeal pathologies. The injury that gave

rise to the paralysis may also give rise to glottic level stenosis. Anterior or posterior commissure stenosis

may be seen. Generally, in adults, glottic and subglottic stenoses result from traumatic insult to the airway,

often from endotracheal tube intubation. Thus, the cartilaginous dimension of the cricoid and thyroid car-

tilage are often not the source of the stenosis; rather, the stenosis arises secondary to submucosal scarring,

in distinction to pediatric glottic and subglottic stenoses.



Anterior Glottic Stenosis

Anterior glottic stenosis is usually secondary to laryngeal injury anteriorly, or laryngeal surgery where the

surgeon has denuded the mucosa from both the right and left vocal cords into the anterior commissure in

removal of polyps. The cords will then heal together, forming a web (Figure 35-2A). Anterior glottic webs,

which are thin and short, can often be treated with laser division of the web. More significant webs, and

those that recur after laser division, are best treated by doing a laryngofissure procedure, dividing the web

and inserting a laryngeal keel (Figure 35-2B), a T-shaped piece of silicone that is sutured in place so that

the long arm of the “T” keeps the two raw edges of the vocal cords separated until they heal. The keel is

removed after a period of approximately 2 weeks, by which time the cord should have epithelialized.5

Posterior Glottic Stenosis

Posterior glottic stenosis is usually due to intubation, when an endotracheal tube lies in place too long or is too

large a caliber, especially if the patient is awake and swallowing, because the natural point of maximum 

pressure of an oral endotracheal tube is at the posterior commissure of the larynx. Often, this problem is 

combined with a subglottic stenosis due to insertion of the too large endotracheal tube. From actual measure-

ments done in anatomy laboratories, it has been shown that one should never use a larger than 6 mm 

endotracheal tube in a female patient. Many women can take larger than 6 mm, but a significant number have

a cricoid lumen that will not permit larger than a 6 mm tube to pass atraumatically through it. Patients who

have a prolonged intubation should be placed on medication to minimize gastric acid secretion, in case of

gastroesophageal reflux. Reflux can lead to inflammatory changes that would add to those of intubation and

help generate stenosis in the glottis and subglottis.
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FIGURE 35-2 Anterior glottic stenosis. A, Anterior glottic
web as seen through a laryngoscope. B, Lateral view of the
larynx showing the keel in place.
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Other causes of stenosis are direct external trauma to the cricoid and/or thyroid cartilage and

cricothyrotomy. Many advocate doing a cricothyrotomy as an emergency tracheostomy. It is a quicker

way into the trachea with less bleeding, as it is closer to the surface, and one does not have to worry

about the thyroid isthmus. A cricothyrotomy should always be converted to a standard tracheostomy as

soon as possible. If left in place, the tube will erode the cricoid, and often the thyroid cartilage as well,

leading to stenosis.

A posterior glottic stenosis is a band of scar tissue between the two arytenoids involving the mucosa

and extending into the arytenoid muscle, preventing the vocal cords from abducting normally. It is often

difficult to diagnose a posterior glottic stenosis with a mirror or a fiber-optic endoscope. One can be 

suspicious when the cords move briskly but not widely, as if tethered on a short cord. Usually, on direct

laryngoscopy, when the cords are parted with the anterior tip of the laryngoscope, the stenosis can be readily

seen as a thickened linear band of tissue between the arytenoids (Figure 35-3A). Laser division of this band

is occasionally helpful, but usually open surgery is necessary. If a tracheostomy is not already present, one

must be done. A laryngofissure is then performed through a horizontal incision over the midportion of the

thyroid cartilage. The dissection is carried down to the strap muscles, which are separated in the midline.

The perichondrium is incised in the midline. The cartilage is incised in the midline with a knife blade. If

the cartilage is ossified, then it is cut with a Stryker saw (Figure 35-3B). A button knife is inserted through

a small incision in the cricothyroid membrane, dividing the mucosa in the midline. The thyroid laminae

are held apart with a self-retaining retractor or with hand retractors held by an assistant. The web is

identified visually, and to assess its extent, it is palpated in the area of the posterior commissure and is

incised in the midline down through the scar into the interarytenoid muscle until all the fibrotic 

muscle has been divided (Figures 35-3C,D). A mucosal flap is then elevated from posteriorly over the

arytenoid and the esophageal introitus, and is advanced to cover the raw surface in the interarytenoid

space, and then sutured in place with a 4-0 chromic suture on a small half-round needle (Figures 35-3E,F).

This work can be performed with otologic instruments such as a Rosen or McHugh knife and canal wall

or drum elevator. A stent is then inserted and the wound is closed. The thyroid laminae are closed by

suturing the perichondrium edges together. A drain is inserted and the skin and subcutaneous tissues

are closed in the usual fashion. Care is taken throughout this procedure to avoid connecting the 

laryngofissure dissection with the tracheostomy.

If the patient has a normal subglottis and trachea, then a solid Montgomery conforming laryngeal

stent is used.6 The stent is held in place with a 2-0 nylon suture, placed through and through from exter-

nally and tied over plastic buttons (Figure 35-4). Several different size stents are available. This stent is left

in place for 4 to 8 weeks and is then removed via a laryngoscope after first cutting and removing the nylon

suture. It has the advantage of being a conforming stent and the disadvantage that the patient is totally

aphonic while it is in place and totally dependent of the tracheostomy for airway. As the stent is solid, aspi-

ration is prevented, which makes it more useful in patients who would be apt to aspirate, such as older

patients and patients who have had a previous superior laryngeal release procedure. If the patient has sub-

glottic disease that is going to be repaired later, or possibly was repaired at the same time, then a 

Montgomery T tube is inserted, with the upper end coming up through the vocal cords to the level of the

laryngeal ventricle. The tube is cut to length and smoothed with a sander or a sterile emery board before it

is inserted. The upper end should lie at the level of the laryngeal ventricle. This allows the false cords to

close over the tube, preventing aspiration, and the patient is able to talk in a somewhat hoarse voice,

phonating with the false vocal cords. In patients who have chondromalacia, granulation tissue, or some

condition in the upper trachea that one wants to stent with a larger tube than will fit through the vocal

cords, a tapered T tube works well (Figure 35-5). The lower limb is 13 mm in diameter to fit into the 

trachea, and the upper limb tapers to 10 mm at the level of the vocal cords.
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FIGURE 35-3 Posterior glottic stenosis. A, Laryngoscopic view of a posterior band between the arytenoids. B, Midline inci-
sion in the thyroid cartilage. C, Incision of web mucosa. D, Incision of scarred interarytenoid muscle. Incision of mucosa for
advancement flap. E, Mucosal flap elevated. F, Mucosal flap advanced and sutured in place.
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FIGURE 35-4 A, Conforming stent in place with the
small bulge into the ventricle between the true and
false vocal cords, and the wider lower end through
the cricoid ring into the upper trachea. B, Small
adult (female) and large adult (male) stents. Also
available are adolescent and child size stents.
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Subglottic Stenosis

Subglottic stenosis due to a fractured cricoid or extensive scarring, often with a small cricoid ring, is treated

with a laryngofissure plus cutting the cricoid cartilage anteriorly. A thin and short web-like scar may be treated

with a laryngoscopic laser procedure. This rarely works in the typical thick, broad scar where an open proce-

dure is necessary. If the cricoid ring is large, then an incision can be made in the mucosa, the local mucosal flaps

raised, and the scar tissue removed submucosally. If the cricoid has thickened calcified cartilage that is obstruc-

tive, then this area can be curetted with mastoid and stapes curettes or drilled down with a rotating burr. The

mucosal flaps are then replaced and sutured and a stent is inserted. If the cricoid ring is too small, then a sec-

ond incision is made in the cricoid posteriorly to break the spring of the cricoid cartilage. If additional cricoid

diameter is needed, a graft can be placed anteriorly, and if necessary, a second graft can be placed posteriorly.

A piece of cartilage can be harvested from the thyroid lamina and inserted between the cut edges of the cricoid,

or the center portion of the hyoid bone can be removed with at least one of the sternohyoid muscles still

attached for a blood supply and brought down to fit into the anterior cricoid defect. If the posterior periosteum
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FIGURE 35-5 Tapered T tube in place. Note the upper end is at the level of the laryngeal ventricle.
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is left on the hyoid bone, a mucosal graft is not necessary in this area. The hyoid bone has a curved shape that

fits naturally into the anterior cricoid arch and works well. Other donor sites for cartilage are the nasal septum

and the concha of the ear. Rib cartilage grafts have also been used. A solid stent or a T tube is inserted and the

graft is sutured in place. After subglottic cricoid stenosis repair, even with an otherwise normal larynx, a T tube,

if used, should be placed with the superior limb up to the level of the laryngeal ventricle. The T tube, if left 

subglottic, would be too close to the vocal cords, causing irritation with granulation formation and scarring.

The upper end of the T tube should never be closer than 6 mm to the undersurface of the vocal cord, and

preferably 10 mm below it. If it needs to be higher than that, it should go through the cords to the level of the

ventricle, if granulations are to be prevented. In patients undergoing subglottic stenosis and stent placement, a

tracheostomy is necessary. All such tracheostomy tubes should be placed through any existing tracheal steno-

sis area, rather than through a normal segment of nonstenotic trachea.

For small mucosal defects, local flaps are preferable, but when there is a large area of denuded

mucosa, especially if it is circumferential, a graft is necessary. Although one may use a split thickness skin

graft, buccal mucosa taken from the inside of the cheek, or septal mucosa from one side of the nasal sep-

tum, typically performs better. These can be easily harvested with minimal problems to the patient. The

graft is sewn in directly or wrapped around the conforming stent and sutured in place with the mucosal

surface against the stent (Figure 35-6). When the stent is positioned within the laryngeal lumen, the graft’s

submucosal undersurface will adhere to the patient. Topical application of a 1% solution of mitomycin-C

for 3 minutes to mucosal incisions is reported to markedly reduce granulation and subsequent scarring.7

Bilateral Vocal Cord Paralysis

In patients with bilateral vocal cord paralysis, the classic treatment has been an arytenoidectomy, either per-

formed endoscopically or from the laryngofissure approach.8,9 If a patient has arytenoid fixation, either

traumatic or from rheumatoid arthritis, this is still the procedure of choice. The arytenoid is removed and

the posterior cord is sutured laterally to the thyroid cartilage. If the arytenoids are mobile, a simpler tech-

nique is to endoscopically lateralize the vocal cord.10–12 A no. 20 spinal needle is passed through the skin

under binocular vision, using the laryngoscope with the Lewy suspension attached. With one eye looking

through the laryngoscope and the other eye on the needle, one can quite accurately aim the needle, so that

FIGURE 35-6 Conforming stent in place with the
mucosal graft over the stent at the level of the
denuded mucosa.



when it penetrates the thyroid cartilage, it will come out at the level of the vocal process. One needle is

placed below the cord and the other into the ventricle so that it comes out above the cord. The obturators

are removed and a no. 0 or 2-0 nylon suture is threaded down the needle and into the larynx where it is

grasped with a small forceps and brought out through the mouth (Figure 35-7A). This is done with both

sutures and a square knot is tied (Figure 35-7B). An incision is made externally between the two needles

down to the cartilage. One of the needles is then removed and that suture drawn back until the knot is

pulled through the cartilage. The other needle is left in place until the knot has been pulled through. With

nylon, even a square knot may untie during the pull through. By leaving one needle in place, it is much eas-

ier to reinsert the other needle into the proper place. Once the knot is pulled through, the second needle is

removed, the cord pulled laterally, and the suture is tied down so that the knot is on the thyroid cartilage

(Figures 35-7C,D). If one is quite certain that recovery will not take place, then prior to pulling the cord

over, scarring is created lateral to the vocalis muscle, either by using a laser or a long laryngeal electro-

cautery needle. This tends to hold the cord lateral if the suture later cuts through the tissue or otherwise

becomes loosened. Examining through the laryngoscope, one can immediately ascertain as to whether

enough airway has been obtained. If not, a second suture is placed more anteriorly in the midvocal cord.

On occasion, both cords can be lateralized, but that is rarely necessary. An ideal result is an angulated cord,

where the two cords approximate in the anterior portion for vocalization and are separated posteriorly for

respiration. With arytenoidectomy, a temporary tracheostomy must be performed; most patients will

already have one. An endoscopic lateralization procedure can often be done without a tracheostomy if the

patient is covered with steroids during surgery, though they must always be warned that a tracheostomy

may become necessary if edema develops.

In addition to the fact that this procedure is simple and usually successful, another advantage is that

it is easily reversible if function recovers. Guided by the scar, the skin is incised under local anesthesia and

the suture is cut at the knot on the lateral surface of the thyroid cartilage and removed. Many paralyses do

recover, especially the idiopathic ones and those due to retractor pressure or stretching of the recurrent

laryngeal nerve in thyroid or cardiac surgery. In the pediatric age group, recovery is even more frequent,

but it may take up to 5 years.13 Others have advocated partial excision of one or both vocal cords, using

either knife or laser.14,15 These do restore an airway and preserve some voice, but they are not reversible and

so are not recommended unless one is certain the recurrent laryngeal nerve has been severed with no

attempted grafting.

One must always discuss preoperatively with patients the fact that the better the airway, the worse the

voice will be postoperatively, no matter which procedure is used. A patient with bilateral cord paralysis will

usually come in with a good voice and a poor airway. Indeed, some patients, when presented with the alter-

natives, will prefer a permanent tracheostomy and simply plug the tube with a finger when talking, or have

a cannula with a speaking valve.

Unilateral Vocal Cord Paralysis

In unilateral paralysis, the usual problem is one of poor voice rather than airway difficulty. A unilateral

paralysis is usually of little permanent significance, as 80% of patients will recover a normal speaking voice

within 3 months without any treatment whatsoever. This recovery is of just normal use of the voice; they

usually do not get a good singing voice back. Of the other 20% of patients, most can be rehabilitated by a

voice therapist, using exercises to strengthen the functioning cord to compensate for the paralyzed one. A

small percentage will need surgical help to obtain an adequate voice and to prevent aspiration. There is also

the rare patient in whom the cord is paralyzed in abduction. Paralysis in abduction is usually due to a more

central injury, and these patients have typically a very breathy voice and aspirate freely. They are best treat-

ed by a thyroplasty to medialize the vocal cord.16–18 This can be accomplished by inserting a small rectan-
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FIGURE 35-7 Vocal cord lateralization. A, Spinal needles in place
with sutures passed and drawn up and out of the mouth for tying.
B, Sutures tied (laryngoscopic view). C, Knot pulled through and
posterior vocal cord pulled laterally (laryngoscopic view). D, Suture
tied down onto the thyroid cartilage to hold the cord lateral.
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gular piece of cartilage, taken either from elsewhere on the thyroid cartilage or from the nasal septum, and

placed lateral to the vocalis muscle. Even better is a silicone implant such as the Montgomery implant

(Boston Medical Products, Inc., Westborough, MA), which has a triangular shape, giving more medializa-

tion posteriorly where it is needed (Figure 35-8).19 This gives an improvement in voice and decreases aspi-

ration. Other authors have used titanium,20 Vitallium, ceramic materials,21 Goretex,22 and hydroxylapatite23

implants to medialize the vocal cord.

When the cords nearly approximate, but the voice is still not good, then Teflon, fat,24,25 Gelfoam, or

collagen26 can be injected into the cord lateral to the vocalis muscle. Teflon was widely used from the 1960s

to the 1980s but is no longer available due to legal difficulties from use in breast augmentation. When prop-

erly placed in the vocal cord, migration and granuloma formation were uncommon. However, if the Teflon

was injected in the superficial areas of the cord, then granulomas were a problem; if placed too deeply in

the cord, the Teflon could migrate subglottically. Currently, fat, Gelfoam, and collagen are most common-

ly used, with several small injections made along the length of the cord. This is usually done under local

anesthesia so the patient can speak, saying “E” to give the surgeon an idea of how much injection is neces-

sary to produce a good voice, but not so much so as to compromise the airway. Typically, these procedures

give the patient a good voice, but as these materials tend to be absorbed over time, the benefits may fade.

Aspiration

Aspiration can be a very vexing problem for both the surgeon and the patient, and can lead to failure and

significant patient morbidity even when the underlying stenosis has been corrected. Besides unilateral and

bilateral vocal cord paralysis, all of the following may contribute to aspiration: loss of sensation from supe-

rior laryngeal nerve injury, old age, superior laryngeal release procedures, and cricopharyngeal muscle

spasm from denervation, chronic tracheostomy tube use (“trach dominance”), and a fixed partially steno-

tic glottis. As we age, we lose laryngeal sensation and do not feel aspirated liquids in the larynx and trachea

as well. Injury to the superior laryngeal nerve also decreases sensation. After a superior laryngeal release,

the larynx is dropped down away from the epiglottis, so the epiglottis does not protect the larynx to the

same extent. With cricopharyngeal spasm, swallowing is more difficult, and food and liquid tend to spill

over into the larynx. Cricopharyngeal muscle spasm can be improved by inferior constrictor myotomy.

Vocal cord paralysis implies that a segment of the laryngeal introitus does not move normally and to some
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FIGURE 35-8 Montgomery thyroplasty implant
in place, medializing the vocal cord.
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degree predisposes to aspiration. This can become manifest after a chronic obstructive stenosis has been

surgically corrected. A preoperative barium swallow can help detect occult preoperative aspiration so as to

forewarn the surgeon that postoperative aspiration may become a problem. Unilateral vocal cord paralysis

with associated aspiration can be improved with vocal cord medialization, as noted above. Swallowing

training and rehabilitation by a speech pathologist can often overcome the aspiration problems of the aging

and those with loss of laryngeal sensation. The patient is taught techniques of swallowing, following each

swallow with a little cough to clear any aspirated material. Trach dominance refers to patients who lose

laryngeal function as a result of chronic diversion of airflow away from the laryngeal lumen, as in a patient

who has an unvalved tracheostomy chronically. Laryngeal function, including the protection from aspira-

tion, slowly degrades in the setting of a chronic tracheostomy tube. Similarly, patients with a chronic, sig-

nificant glottic level stenosis also are deprived of normal laryngeal airflow and can develop a type of disuse

atrophy which may require aggressive speech and swallowing therapy post corrective stenosis surgery. All

these problems are obviously much more difficult when dealing with infirm, aged, and mentally slow

patients in whom gastrostomy may be necessary to provide ongoing nutrition. Vocal cord paralysis, due to

neurologic problems such as stroke or amyotrophic lateral sclerosis, often requires a tracheostomy with a

cuffed tube. Over the long term, glottic closure by bilateral medialization thyroplasty or a laryngofissure

procedure with suturing together of the denuded vocal cords can be necessary. This, of course, requires a

permanent tracheostomy and eliminates normal speech; loss of speech is often of little importance in these

patients, who are typically aphonic.
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Aspiration of foreign material remains a common cause of accidental death in the United States. Over 3,000

people annually die with unintentional aspiration identified as the primary cause. It is the fourth leading

cause of accidental death in children under the age of 5 years and the leading cause of accidental death in

children under the age of 1 year. Besides these deaths, an uncertain number of patients survive with vari-

able sequelae, including chronic pulmonary injury and anoxic brain damage.

Historical Overview

Aspiration as a cause of death was recognized as early as the mid-1600s when Bradwell reported on objects

that could suddenly endanger breathing, and noted that he heard of a child who had been “ . . .strangled with

a Grape.”1 Muys in 1690 reported a 7-year-old who died from “suffocation three weeks after aspirating a

bean.”2 In 1854, Samuel D. Gross, then Professor of Surgery at the University of Louisville, wrote a treatise on

foreign body aspirations, reporting over 200 cases collected from the world literature or cases of which he

was personally aware.2 It was in that monograph that foreign body aspiration in children was found to be a

common problem and appeared to occur as frequently in that younger age group as it did in adults.2

In 1895, Killian performed purposeful bronchoscopy, and 2 years later in 1897, successfully carried

out the endoscopic removal of a foreign body, a piece of bone.3 The first successful bronchoscopy and

extraction of a foreign body in the United States is credited to Algernon Coolidge Jr at the Massachusetts

General Hospital. Using a headlight and female urethral speculum in 1899, he performed bronchoscopy

through a tracheostoma and removed a disconnected portion of the tracheal cannula from the bronchus of

a 23-year-old male.4

With these seminal successes, the work of Chevalier Jackson in the early 1900s led to the development

of increasingly sophisticated instrumentation for the safe practice of airway endoscopy.5–7 With improved

magnification in the 1940s and a fiber-optic illuminator introduced in the 1960s, the extraction of most for-

eign bodies can be performed endoscopically, and the current mortality rate, if the victim can be brought

to medical care, is less than 1%.
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Epidemiology

Although 2,000 to 3,000 children annually will suffer some type of foreign body aspiration, the annual mor-

tality rate for foreign body aspiration in the pediatric age group has decreased over the last two decades. In

1998, the last time frame for which data are available, 184 children in the United States under the age of 15

years died as a result of aspiration and occlusion of the airway. Fortunately, with increased public awareness

of aspiration as a critical problem in young children, the death rate in the pediatric age group has decreased

from approximately 450 deaths annually in 1979 to the current low of 184 deaths in 1998.

In the pediatric age group, the highest incidence of foreign body aspiration occurs in children under

4 years of age, with the maximal frequency occurring between 1 and 2 years of age. Infants and toddlers,

the pediatric age group at greatest risk, are prone to aspiration for a variety of reasons: oropharyngeal coor-

dination is not fully mature, mastication of hard food objects (ie, candy, nuts) is not thorough, curiosity

leads small children to place objects in their mouths, and finally, children are easily distracted, further inter-

rupting the normal chewing and swallowing mechanism. Boys are at greater risk for aspiration, with most

series reporting a male to female ratio of 2:1. The most common aspirated foreign materials include nuts,

grapes, seeds, other vegetable material, and small hard candies. Fatal aspirations in this age group are fre-

quently associated with meat and meat products. Hotdogs, because of their size, compressibility, and wide-

spread availability are one of the leading food products associated with fatal aspiration.8

Death from foreign body aspiration remains a major problem in the adult population. Over 3,000 adult

victims were identified in 1998, with the primary cause of death being ascribed to inhalation of foreign object

leading to airway obstruction or suffocation. The “café coronary” syndrome, first so termed by Haugen in

1963, is sudden collapse and death while eating, secondary to acute obstruction of the airway by food.9 Ini-

tially ascribed to an acute “coronary” event, the problem was later found to be associated with the impaction

of food (most typically meat) in the major airway (larynx or trachea). In that initial report, predisposing fac-

tors to fatal aspiration included alcohol ingestion and poor dentition. Other factors subsequently identified

include institutionalization in long-term care facilities, sedative agents, and Parkinson’s disease.10,11 This risk

in the general population is 0.66 per 100,000 population and has remained relatively constant since it was first

described. Epidemiologically, the highest incidence and death rate from foreign body aspiration occurs in the

senior age group (age greater than 74 years), and these rates have risen in the last several years as the elderly

population expands. With age, dentition is typically poorer, oropharyngeal coordination lessens, and confu-

sion can lead to accidental aspiration, these risks being very similar to the younger pediatric population.

Clinical Presentation

In most cases, the clinical presentation will be determined by the size of the foreign body, its location in the

respiratory tract, the type of material aspirated, and the time from the aspiration event until presentation

for care. The classically described triad of foreign body aspiration is paroxysmal coughing, wheezing, and

diminished breath sounds on the affected side. At least one of these three symptoms is reported in 75 to

97% of children with proven foreign body aspiration.12–14 The classic triad itself is found in a much lower

percentage, approximately one-third of all patients with foreign bodies in the airway. A history of witnessed

choking is an additional important feature in the history, and in some series, it has the highest sensitivity

in correctly identifying foreign body aspiration as the basis of the patient’s respiratory symptoms.14,15 If the

material is large, then the patient may present with signs of severe respiratory distress. This is particularly

true with laryngotracheal foreign bodies where dyspnea, stridor, and cyanosis are noted, and respiratory

arrest occurs in the most severe cases.

Fortunately, most cases of foreign body aspiration will not result in complete and catastrophic air-

way occlusion, but instead present with lesser signs and symptoms. Almost all patients will experience some



symptoms at the time of the aspiration episode. Paroxysmal coughing is the primary sign, noted by parents

or caregivers, in the pediatric population. With time, however, these characteristic features may abate. With

delayed presentation, distal airway foreign bodies may present without symptoms or with nonspecific

symptoms such as a nonproductive cough, the new onset of inspiratory and/or expiratory wheezing (often

assumed to be newly diagnosed asthma), and complaints of mild shortness of breath. Unlike aspirated for-

eign material in the laryngotracheal location, dyspnea is less frequently reported as a symptom of foreign

bodies in the distal airway compared with those centrally located in the airway.

Unsuspected foreign bodies may be found in a small number of patients who present with nonspe-

cific pulmonary diseases. In one large pediatric series, over 1,000 patients underwent flexible bronchoscopy,

and in slightly less than 1% of those patients, an unanticipated foreign body was identified.16 The authors

noted that there were no significant differences in clinical signs and symptoms in a child who presented

with an unsuspected foreign body than in those children who had a more typical pulmonary pathology.

Physical Examination

Physical examination may or may not substantiate the symptoms related in the history. With large foreign

bodies located in the upper airway, stridor, sternal retraction, use of ancillary muscles, central cyanosis, and

dyspnea are obvious. With bronchial obstruction, auscultation may reveal inspiratory and expiratory

wheezing and decreased or absent breath sounds on the side of obstruction. However, one of the most

important features of this clinical problem is that, in 20 to 40% of cases, the examination will be totally nor-

mal, despite the later discovery of a foreign body in the tracheobronchial tree.

Radiographic Evaluation

Radiographic evaluation of foreign body aspiration is helpful, but a normal radiographic examination does

not exclude the possibility of an airway foreign body. Various series have reported normal radiographs in 6

to 80% of children with proven foreign bodies in the tracheobronchial tree. Although some foreign bodies

are easily seen on standard chest radiographs (Figure 36-1), 80 to 90% of aspirated foreign bodies are veg-

etative material, thus radiolucent and not visualized. The most common abnormal finding in the pediatric

patient with aspiration is hyperexpansion of the affected side, which occurs in approximately 60% of cases

(Figure 36-2), although atelectasis or an infiltrate may be noted in a lesser number of cases. In the adult

population, atelectasis and loss of lung volume is more common on the affected side (Figure 36-3). Not

unexpectedly, the more dangerous laryngotracheal foreign bodies are likely to have normal x-rays. Howev-

er, this subset of patients, usually accounting for 5 to 15% of all foreign body aspirations, is more likely to

present with severe clinical symptoms (dyspnea, sternal retraction, cyanosis). If there is a significant delay

in presentation, as occurs in up to 50% of cases of foreign body aspiration in the pediatric age group, then

there is higher likelihood that the initial chest x-rays will be abnormal as secondary features become appar-

ent in the obstructed lung.

If the chest radiographs are normal, then inspiratory and expiratory films or films in both the left

and right lateral decubitus positions may be helpful. In a child with partial bronchial obstruction, the

expiratory film will demonstrate hyperinflation secondary to check-valve effect from the obstructing for-

eign body (Figures 36-4A–C). Some authors promote the expiratory phase by placing gentle pressure over

the child’s epigastrium and timing exposure of the film with a natural expiration. Even with these mea-

sures, due to an inability to cooperate, inspiratory and expiratory films in most young pediatric patients

are inconclusive. In the younger patient, the use of right and left lateral decubitus views of the chest may

be helpful. The lung in the dependent position would typically appear compacted. In a child with a for-

eign body aspiration and partial obstruction, the dependent lung would not appear compressed and may

even appear slightly hyperinflated.

Foreign Body Aspiration 709
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False-positive findings on a chest radiograph will occur in about 12% of children who are not found to

have an aspirated foreign body on tracheobronchoscopy. Conversely, up to 65% of the children who had nor-

mal chest x-rays, but a history consistent with aspiration, were found to have a foreign body on endoscopy.15

In an older patient, fluoroscopy of the chest may be helpful in establishing the diagnosis of aspirated

foreign body. With laryngotracheal foreign bodies, paradoxical mediastinal movement and an increase in the

size of the mediastinal structures may be noted during inspiration. However, abnormal fluoroscopic findings

are less frequently seen with bronchial foreign bodies.17 Occasionally, with foreign bodies in a bronchial loca-

tion, a shift of the mediastinal structures toward the normal airway may be noted during expiration, because

of the check-valve effect of the partially obstructing lesion and entrapment of air in the obstructed lung.

Although authors have reported the use of ventilation-perfusion scanning, it is infrequently used in

the emergent evaluation of a possible foreign body obstruction. Similarly, computed tomography (CT)

scans have been reported to be helpful, particularly in a patient who may have a delayed presentation and

an atypical history. However, findings on CT imaging usually show the secondary effects of the foreign

body aspiration (Figure 36-5) and may or may not demonstrate the foreign body itself.18 In the acute set-

ting, there appears to be little role for this imaging study.

Treatment

As radiographic studies cannot exclude foreign body aspiration, children and adults who present acutely with

a history consistent with foreign body aspiration (choking, sudden paroxysmal coughing) and any abnormal

physical findings (wheezing, diminished breath sounds) should undergo bronchoscopy for removal of the pre-

sumed foreign body. With that presentation, there is no indication for additional studies. In the hands of expe-

rienced bronchoscopists, a tracheobronchoscopy has minimal risk and is associated with few complications.

FIGURE 36-1 Ten-year-old with a radiopaque thumbtack located in the left mainstem bronchus.



At this time, most bronchoscopies for a suspected foreign body aspiration are performed as a rigid

(open tube) bronchoscopy, so that the airway can be controlled and the patient ventilated as the foreign

body is removed. The use of sophisticated optical grasping forceps, snares, Dormia stone basket,19–22 or

Fogarty balloon23–27 allows removal in 97 to 99% of foreign bodies identified.

Some clinicians have used flexible bronchoscopy as an initial diagnostic technique in children who have

a history suspicious for foreign body aspiration but do not have conclusive evidence of aspiration (ie, no find-

ings on physical examination and normal or near-normal radiographs).16,28 Performed with local anesthesia,

this flexible examination of the airway might obviate the need for general anesthesia and rigid bronchoscopy

if the airway is normal. If a foreign body is identified, then rigid bronchoscopy is performed to remove the

material. Others have disagreed with these recommendations, noting that extraction of the foreign body can

be performed successfully with the flexible bronchoscope in up to 80% of the cases.29 However, these report-

ed series are small and the authors, experienced in both flexible and rigid tracheobronchoscopy, were capable

of performing rigid bronchoscopy if problems arose during attempts at flexible bronchoscopic extraction. At

the present, in most centers, open tube bronchoscopy appears safer than the flexible bronchoscopy and is the

preferred method for extraction of foreign bodies in the pediatric population.

In adults, both flexible bronchoscopy and rigid bronchoscopy have been used successfully to remove

foreign bodies.30–33 The flexible bronchoscope may mitigate the need for general anesthesia for extraction

of the foreign body, but like the pediatric patient, there is greater risk with the use of this technique if the

foreign body is lost. Several groups, most notably the Mayo group, have used flexible bronchoscopy in

adults and children with success.
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FIGURE 36-2 Carrot in left mainstem bronchus demonstrating the effect of a check-valve obstruction. There is hyperexpansion
of the left lung and right-sided volume collapse with mediastinal shift.
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Currently, the flexible bronchoscope allows a more limited choice of instrumentation, its diameter is

more likely to obstruct the airway (particularly in pediatric patients), and it may not be as well suited as the

rigid bronchoscope for retrieval and extraction of foreign bodies.34 We feel that the rigid bronchoscope

allows a greater margin of safety and prefer this technique to the use of flexible bronchoscopy in children

and adults. Flexible bronchoscopy has some advantage over rigid bronchoscopy in its ability to retrieve more

distal tracheobronchial foreign bodies. Flexible bronchoscopy should also be considered in those patients

who have cervical or maxillofacial trauma, who are intubated and in whom there is concern for aspiration.35

In the rare instances where the foreign body is too large to pass retrograde through the glottis, a

tracheostomy should be performed, the foreign body extracted, and a tracheostomy tube placed. Once

the patient is stable, the tracheostomy tube can be removed and allowed to close secondarily, usually

within 48 to 72 hours.

Occasionally, foreign bodies will move to a remote position in the bronchial tree or there may be a

marked delay in presentation for care. Either of these features may lead to secondary pulmonary compli-

cations, including bronchiectasis, localized pneumonia, and lung abscess formation (Figure 36-6). In such

instances, if the foreign body cannot be reached by endoscopic means (flexible or rigid), then a thoraco-

tomy with bronchotomy and extraction of the foreign body and/or resection of the affected lung segment

is appropriate. The subset of patients who require this more extensive surgery is small and in the current

FIGURE 36-3 Metal bearing in the bronchus intermedius, in a young adult with a history of pica. Distal atelectasis of the
right middle and lower lobes is appreciated.



era will account for only 1 to 3% of cases of aspiration. Most patients requiring a thoracotomy for extraction

have a delayed presentation, often found to be months or years after the aspiration event.

The use of chest physical therapy, postural drainage, and inhaled bronchodilator therapy was briefly

recommended as an alternative to bronchoscopy in the treatment of foreign body aspiration, as it

appeared to be “safe” and was effective in 85% (24 of 28) of the children treated.36,37 However, even in

those initial reports, 2 infants were noted to have “serious” episodes of respiratory or cardiorespiratory

arrest. A later and larger study from the same institution found a much lower success rate with this con-

servative management (25% vs 85%) and acknowledged that there is a definite risk to this management.38

They recommended conservative therapy in an intensive care unit setting only for a 24-hour period and

concluded that undertaking this therapy was inappropriate for foreign bodies present for greater than 4

weeks.38 By 1980, with continued improvement in endoscopic instrumentation, coupled with a low suc-

cess rate and a small but potentially life-threatening risk with conservative management, inhalation ther-

apy and postural drainage was considered contraindicated as treatment for foreign body aspiration.39
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FIGURE 36-4 A, Near-normal chest x-ray in a child with possible foreign
body aspiration. B, Inspiratory film demonstrating near-normal appearance,
although flattening of the left hemidiaphragm is noted as compared to the
right diaphragm. C, Obvious hyperexpansion of the left lung with shift of the
mediastinum and appropriate volume loss of the right lung during the expi-
ratory phase.

A

B

C



714 Surgery of the Trachea and Bronchi

Physical therapy with percussion and dependent drainage may help to mobilize distal secretions in those

patients with atelectatic lung segments complicating foreign body obstruction, but only after the foreign

body has been removed endoscopically.

With an acute aspiration event, antibiotics and steroids are not routinely given. If there is evidence of

an infection distal to the impacted foreign body, then broadspectrum antibiotics (second generation

cephalosporin plus clindamycin, ampicillin-sulbactam) may be appropriate. Steroids may be appropriate

in those instances where the foreign body has resulted in airway narrowing secondary to inflammation. In

most instances, even in the smaller airway with young children, steroids are not indicated and have not been

proven to be beneficial. As a result, antibiotics and/or steroids should be considered on a case-by-case basis

and their use dependent on bronchoscopic findings.

Complications

Complications secondary to foreign body aspiration can be identified as 1) emergent secondary to asphyx-

iation with airway obstruction, 2) immediate with the presence of the foreign body or secondary to surgery

to treat it, and 3) delayed with secondary lung injury due to the foreign body itself or inflammatory changes

in the endobronchial tree secondary to its presence.

In the operating room, the foreign body itself can be difficult to manipulate. This is particularly true

with round, smooth-surfaced metallic or glass bodies. These foreign objects may fall into the normal air-

way, obstructing it while releasing distal secretions from the previously obstructed lung. Either of these

events can lead to acute airway obstruction and death. Spherical foreign bodies need to be controlled, and

FIGURE 36-5 Bronchiectasis of the right lower and middle lobes complicating radiolucent foreign body aspiration. The child
had a history of recurrent right-sided pneumonia for over 2 years prior to evaluation and surgical treatment.



in that instance, the Fogarty catheter balloon technique is inappropriate. Control of the spherical foreign

body with a Dormia stone basket during extraction is the safest course. The endoscopist should also have

a well-functioning suction device immediately available to aspirate any overflow of secretions.

If there is a delay in diagnosis, when the aspiration event is not witnessed, it is not unusual for the ini-

tial evaluation to occur weeks to years after the aspiration event. Organic foreign material, in particular nuts,

typically cause an intense inflammatory response in the tracheobronchial mucosa (Figure 36-7). This may

lead to secondary granuloma formation and a localized tracheobronchitis, and in the most severe cases,

bronchial stenosis. As the obstruction worsens, the distal lung segment will collapse. With time, lung abscess

formation and bronchiectasis will occur. Rarely, erosion of the foreign body may lead to the development of

a bronchopleural fistula with the appearance of pneumothorax and/or pneumomediastinum. Bronchiecta-

sis with hemoptysis has been reported and deaths secondary to massive hemoptysis have been noted.40,41

Bronchiectasis deserves special mention as a known complication of a retained endobronchial for-

eign body.42 However, foreign body aspiration as the cause of bronchiectasis is only a minor subset of all

patients with bronchiectasis. In the large series from Edinburgh, 8 of over 1,000 patients with known

bronchiectasis were found to have an aspirated foreign body.43 Four of the 8 patients required bronchial

resection because of the severity of the disease, but 4 improved without requiring additional intervention.
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FIGURE 36-6 Neurologically impaired child with a history of pneumonia and coughing 2 months prior to this evaluation.
Calcific density in the left upper lobe is appreciated, which proved to be an aspirated tooth. It could not be extracted endo-
scopically, and required thoracotomy with bronchotomy for extraction.
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If the foreign body can be extricated, then a 4 to 6 week period of observation is indicated to see if the pul-

monary changes are reversible.

Timothy grass, a prevalent grass on most continents, as well as some grains, are common causes of

bronchiectasis complicating aspiration. This form of aspiration often leads to a progressive, insidious, and

eventually debilitating respiratory process. Unlike larger foreign materials, the flowering heads of the grass-

es and grains can propel the aspirated material into the more distal airway, leading to these parenchymal

changes. Clinical symptoms in those instances often are mild chronic cough that may or may not be pro-

ductive. Occasionally, as the disease progresses, other symptoms of infection such as fever, lethargy, and

failure to thrive may occur. An alert clinician must consider this type of aspiration in a patient whose pul-

monary symptoms persist or whose pneumonia recurs following adequate treatment. Endoscopic extrac-

tion of the grass or grain approaches only 30%, as opposed to the larger more proximal foreign bodies.

Conclusions

Foreign body aspiration can be a difficult diagnosis to establish. However, in a patient, particularly a child,

who presents with an episode of sudden choking or spasmodic coughing, an aspiration event should be

considered as a primary diagnosis. Radiographic studies may be helpful, but no test is sufficiently sensitive

and specific to exclude the diagnosis of foreign body aspiration. A good history and examination is of

greater import than a confirmatory x-ray study. Most importantly, the diagnosis of an airway foreign body

cannot be excluded without bronchoscopy.

FIGURE 36-7 Peanut in the left mainstem bronchus with early inflammatory changes.



In the patient who presents with an episode of choking or coughing, and who has physical findings

on pulmonary examination to suggest the presence of a foreign body (ie, wheezing, rhonchi, decreased

breath sounds), a bronchoscopy should be performed. There is no need for additional radiographic stud-

ies. In the patient who has a history consistent with possible aspiration but a normal examination, x-ray

studies including inspiratory and expiratory films, bilateral decubitus films, or fluoroscopy of the chest may

be helpful. If there is a good history for aspiration, the examination is normal, and the radiographic stud-

ies are normal, then careful follow-up with repeat x-rays within 1 week of the event would be appropriate.

It is important to remember that early identification of an aspirated foreign body will lead to fewer

long-term problems. Therefore, the endoscopist should expect that a certain percentage of patients (gener-

ally accepted at 10 to 20%) will not have a foreign body found on bronchoscopy. Otherwise, some foreign

bodies will be missed, and complications from foreign body aspiration are almost always secondary to a

delayed diagnosis.

There is an increasing place for fiber-optic bronchoscopy in evaluation for possible foreign body

aspiration. In patients who have a chronic respiratory process even without a history of aspiration, one

must consider foreign body aspiration as a cause of the pulmonary symptoms. Flexible bronchoscopy is a

good way to survey the tracheobronchial tree. If a foreign body is found, then it is reasonable in adults and

generally recommended in children to remove the flexible bronchoscope and perform a rigid bronchoscopy

for extraction of the foreign material. As experience accrues and instrumentation improves, flexible broncho-

scopy and extraction may become the major treatment option for this problem.
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Lasers have been available for the treatment of diseases affecting the upper and lower airway since the early

l970s.1 Refinements in the technology and in the delivery systems have taken place over the past 30 years,

extending the usefulness of lasers in laryngology and bronchology. It is extremely important, however, to

appreciate the indications, contraindications, and precautions when using this technology. Lasers are pow-

erful surgical tools which, when used appropriately, can be extremely useful. Conversely, there is always the

potential for disastrous complications when safety and suitable indications are not guiding principles. Since

there are several lasers to choose from, it is extremely important for the clinician to understand the basic

laser–soft tissue interaction for each wavelength and the unique safety precautions necessary for each laser

type. This understanding permits application of laser technology to provide optimal results for the appro-

priate clinical situation. Lack of understanding often leads to misuse and abuse of lasers, causing complica-

tions and potential disasters such as tracheobronchial perforation, massive hemorrhage, airway obstruction,

and damage from fire. This chapter reviews the basic soft tissue interaction of commonly used lasers in the

airway and presents the authors’ recommendations for the use of lasers in the tracheobronchial airway

based upon the senior author’s (SMS) 25-year experience.

The lasers most commonly used in the airway are the CO2 laser, neodymium:yttrium-aluminum-

garnet (Nd:YAG) laser, potassium titanyl phosphate (KTP) laser, argon laser, holmium:YAG laser, diode

laser, and the pulsed dye laser (PDL) (Table 37-1). For practical purposes, only the CO2 and the Nd:YAG

lasers will be emphasized since they are the most important lasers for clinical application. Since these lasers

are worthless unless they can be delivered to treat the pathology with precision and clarity, special mention

of delivery systems will be made as well as ideal ventilatory techniques of anesthesia.

Historical Review and Soft Tissue Effect of Lasers in the Airway

CO2 Laser 

The carbon dioxide laser is the mainstay of lasers for the treatment of conditions involving the larynx and

upper trachea. The 10.6 µm wavelength produced is well absorbed by water, and since 90% of soft tissue is

composed of water, the laser is ideal for incision, excision, and vaporization of soft tissue. The development
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of the micromanipulator, an optic system coupling the laser source to the operating microscope, was key

in providing microprecision and the ability to achieve small vessel (< 0.5 mm) hemostasis.

The CO2 laser was first clinically applied in the airway by Strong and Jako in 1972 for a variety of

laryngeal lesions which included laryngeal papillomas, carcinoma in situ, and vocal cord nodules, among

others.1 Over time, the number of applications and techniques using the CO2 laser has multiplied, and

today, it is considered the mainstay of treatment for laryngeal hemangiomas, recurrent laryngeal papillo-

matosis, and for properly selected cases of laryngeal cancer and laryngeal stenosis.2–5

CO2 Laser–Soft Tissue Interaction. The 10.6 µm infrared wavelength of the carbon dioxide laser undergoes

a 90% absorption by water contained in soft tissue. This laser light is then transformed into heat within tissue,

raising the tissue temperature to 100°C and vaporizing the water content. The remaining 10% is carbon

residue, which should be removed manually to avoid inflammatory tissue reaction. The steam of vaporization

needs to be removed with an efficient suction device to avoid collateral damage from the hot vapors.

There are three important parameters that should be kept in mind when delivering laser energy.

These are power (w), exposure time (sec), and power density (spot size). Of these basic parameters, time

exposure is the most important. Limiting the time of laser exposure with short applications minimizes heat

conduction within tissue, thus limiting collateral damage. Basic studies of soft tissue interaction in canine

trachea showed excellent depth of penetration with minimal damage to the adjacent tissue.6 The energy

curve of the focused CO2 laser (micromanipulator) is in the shape of an inverse gaussian curve; that is, the

maximal power is at the center of the beam, fading at the margins.

A major disadvantage of the CO2 laser is that it can not be transmitted through flexible fibers, which

limits its usefulness in the trachea and bronchi. The CO2 laser must be delivered from the source, using a

somewhat awkward articulated mirror system. Other delivery systems such as a semiflexible hollow wave-

guide can also be used, however, this does not provide a focused, “clean” beam and suffers from imprecise

soft tissue interaction. The CO2 laser is usually and best used in a focused fashion through a microspot

micromanipulator (250 micron spot size) for applications in the larynx and subglottis down to the first tra-

cheal ring, using a laryngoscope placed on a suspension system, thus freeing up the surgeon’s hands. We pre-

fer a standard diagnostic laryngoscope such as the Dedo design (Pilling Co., Philadelphia, PA), inserting the

laryngoscope between the vocal cords and exposing the subglottic larynx up to the first tracheal ring.

Nd:YAG Laser

The Nd:YAG laser has a wavelength of 1.06 microns, which is poorly absorbed by water and, therefore, pen-

etrates tissue deeply. It is well absorbed by pigment (deep purple), vascular tissue, and the char of carbon

Table 37-1 Different Laser Absorbers and Laser Wavelengths

Laser Wavelength Absorption

Argon 514 nm Hemoglobin

KTP 532 532 nm Hemoglobin

Diode laser 810 nm Pigment (indocyanine green)

Nd:YAG 1.06 µm Pigmented tissue

Ho:YAG 2.1 µm Water (1⁄16 < CO2)

CO2 10.6 µm Water

PDL 585 nm Hemoglobin

Ho:YAG = holmium:yttrium-aluminum-garnet; KTP 532 = potassium titanyl phosphate at 532 nm;

Nd:YAG = neodymium:yttrium-aluminum-garnet; PDL = pulsed dye laser.



deposits (see Table 37-1). The energy is not dissipated at the surface, as is the case with the CO2 laser; it

scatters within the tissue depending on the degree of tissue pigmentation for absorption. The YAG laser in

a noncontact mode is a “cooker” or coagulator of tissue as opposed to the more precise cutting effect of the

CO2 laser. In the less common contact mode, the YAG laser is somewhat wavelength independent and the

energy concentrates at the tip of the fiber and causes limited vaporization of tissue and little damage to the

surrounding tissue. The contact mode is good for coagulating blood vessels less than 1 mm in diameter; its

effect on soft tissue is similar to the CO2 laser.6

The YAG laser can be transmitted through commonly available flexible quartz fibers that make

possible its use in the tracheobronchial tree. Using the nonfocused fiber, the laser beam diverges

approximately 10° as it leaves the fiber; the closer the fiber is to the tissue, the smaller the spot size. The

fiber is normally used at 0.5 to 1 cm from the target. The fiber can be connected to a series of contact

tips of differing geometric shapes for contact mode use for the purpose of cutting, coagulating, and

ablating. Care must be taken to deliver the beam in short exposures of 1 sec or less at a power setting at

40 W or less. Continuous exposure of the Nd:YAG laser at a high power setting (above 40 W) may result

in an explosion of tissue, caused by concentration of high energy below the tissue surface that creates

an expanding cavity.

The Nd:YAG laser wavelength has little visible effect on colorless tissue; the laser beam readily tra-

verses it, causing thermal damage to the more pigmented underlying tissue or structures, such as blood ves-

sels. It is important to note that the white color of the normal tracheal cartilage will not absorb the laser

energy unless it becomes dehydrated from the continuous heat and char to form an absorbing element. The

laser will otherwise pass through the unpigmented wall and may be absorbed by the underlying vascular

structure and lung tissues. It is well known that the thermal effects of the Nd:YAG laser go well beyond its

immediate area of visible impact; what is seen is not necessarily what you get.6 A study by Shapshay, com-

paring the CO2 laser with different Nd:YAG delivery systems, points out the pitfalls in using the Nd:YAG

laser.6 Thermal damage from using the YAG laser in the normal tracheobronchial tree delays healing and

reepithelialization, and may cause scarring. Mucosal charring and blood deposition on the tracheal wall

enhance the absorption of the Nd:YAG laser beam. Rapid propagation of thermal energy can ensue, caus-

ing tracheal perforation.

KTP and Argon Lasers

The KTP (wavelength 532 nm) and the argon (wavelength 518 nm) lasers have similar characteristics.

Both lasers operate in the visible region of the spectrum and can be delivered through flexible quartz

fibers. These lasers are well absorbed by pigmented tissue and hemoglobin, and only weakly absorbed

by pale, poorly pigmented tissue. These characteristics make them good superficial coagulators, with

a fairly good ability to ablate pigmented tissue. Compared with the Nd:YAG laser, the depth of pene-

tration and scatter in soft tissue is limited, making the Nd:YAG laser a better coagulator with better

hemostasis for vascular tumors. Very small spot sizes can be achieved with the KTP or argon lasers

depending on the optics used, creating high-power densities capable of cutting and ablating tissue,

independent of the wavelength of absorption. The ability of the KTP laser to pass through flexible

fiber-optic fibers of less than a millimeter makes this laser a good choice for applications in the pedi-

atric airway.7

Studies of the effect of a high-powered argon laser on the tracheobronchial tree showed extensive

subepithelial damage, with a somewhat variable delayed reaction between the time of application of the

laser and the detectable break in the epithelium.8 Postoperative edema and acute inflammation lasted for 3

and 7 days, respectively. The extent of injury was 30% greater than the original defect. The unpredictable

effects of the argon laser on soft tissue limit its application in the airway.8
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Other Lasers: Diode, Holmium, 585 nm Pulsed Dye

Diode Laser. The near infrared wavelength (810 nm) of the diode laser allows a relatively deep penetration

of soft tissue. Its soft tissue effects are somewhat similar to those of the Nd:YAG. We have used this diode

laser for mucosal graft soldering in the treatment of posterior glottic stenosis, combining indocyanine dye

with fibrin glue.9 Ongoing research is focused on creating a higher power diode laser, which may be a cheaper,

more portable laser alternative in the future.

Holmium:YAG Laser. The holmium:YAG laser provides a pulsed beam with an infrared wavelength of

2.1 µm. Studies indicate that it is best used on bone, since it can provide relatively high energy (up to 

2.0 J/pulse) in a short period of time (250 µsec), which is less than the thermal relaxation time of tissue.

The senior author (SMS) has limited experience in using the holmium:YAG laser at 1.2 to 2.0 J/pulse at 

3 Hz for cases of tracheopathia osteoplastica.10 However, the holmium:YAG laser has an explosive effect on

tissue absorption and would not be suitable for treatment of other conditions in the tracheobronchial wall.

Pulsed Dye Laser. The pulsed dye laser (PDL) at 585 nm has excellent (perhaps the best) absorption for

hemoglobin of all the lasers previously mentioned. This laser has been used most recently in the larynx for

treatment of recurrent respiratory papillomatosis.11,12 Its high affinity for oxyhemoglobin allows micro-

vascular targeting of the papillomatous lesions, leaving the surface mucosa intact. This results in a mini-

mally invasive procedure, with fewer soft tissue complications than other commonly used techniques.

Although this laser can be delivered through a flexible fiber, it may have very limited use in the trachea, per-

haps for sessile papillomas to control growth and for superficial vascular malformations.

Laser Applications in the Subglottic Larynx and Cervical Trachea

The CO2 laser has remained the laser of choice for precise excision of scar tissue and treatment of benign

tumors in the subglottic area. However, this laser possesses poor hemostatic properties and is unable to

deliver focused energy through a flexible fiber, resulting in severe limitations for treatment of hyper-

vascular tumors and lesions located in the distal airway.

The Nd:YAG laser has become the laser of choice for vascular tumors such as venous malformations

and obstructing tumors of the airway. Diverse conditions involving the subglottic larynx and cervical tra-

chea require different lasers. A positive treatment outcome depends on the adequate selection of the laser to

be used, according to its soft tissue interactions, emphasizing the histologic properties of the pathological

condition to be treated. The use of lasers in the tracheobronchial tree is appropriate for a number of condi-

tions, both congenital and acquired, involving patients in every age group. Some of these lesions include vas-

cular malformations, systemic conditions, viral infections, and malignant conditions (Table 37-2).

Exposure and Technique 

Adequate exposure is extremely important to avoid complications from the use of the CO2 laser. We rec-

ommend the use of a “subglottic laryngoscope” with an attached Venturi Jet ventilation system when using

a micromanipulator to deliver the CO2 laser energy. Ventilation is usually maintained with a Venturi appa-

ratus and anesthesia is provided using intravenous compounds with muscle relaxation techniques. Since

the use of intravenous anesthesia and muscle relaxation can severely compromise the patient’s ventilation,

spontaneous respiration with topical anesthesia is not recommended for cases with airway obstruction,

until an adequate airway is established.

A tracheoscope is preferred to the long standard ventilating bronchoscope when dealing with lesions

of the subglottis or upper trachea. Ventilating bronchoscopes are awkward to use in the upper airway and



have the disadvantage of allowing loss of ventilation through the ventilating openings at the glottis. On the

other hand, for lesions involving the distal trachea, main bronchi, and bronchus intermedius, ventilating

bronchoscopes are the preferred method for laser application. We prefer to use a ventilating Storz tracheo-

scope (Karl Storz Endoscopy, Culver City, CA) with telescopic imaging through the video (Figure 37-1).

This bronchoscope incorporates an internal light source system, which offers the possibility of use without

a telescope, thus allowing the use of larger instruments for tumor removal. Air leakage from the open end

of the bronchoscope does not constitute a problem since most lesions are treated using a Venturi jet venti-

lation technique. Rigid bronchoscopy should always be performed in an operating room, with all necessary

precautions to guarantee safe use of lasers.

The average laser power used with the Nd:YAG laser varies with the pathology. Vascular tumors with

good laser absorption and respiratory papillomas with good vascular flow require 20 to 30 W, whereas for

malignant tumors, in which the goal is to obtain good coagulation, 30 to 40 W are normally used. When

delivering the laser energy, it is critical to maintain both adequate visualization and a clean and dry surgi-

cal field. For this purpose, we use a 0° telescope with one or two semiflexible suctions to remove steam

caused by vaporization and simultaneously keep the field free of blood. The fiber can be guided with a

steering device or an optical bridge but we prefer free use through an open system for ease of application

and rapid removal of secretions, blood, or tumor fragments.

Table 37-2 Choice of Laser for Various Conditions

Airway Lesions Choice of Laser

Vascular Lesions

Subglottic hemangioma CO2 laser

Venous malformation Nd:YAG

Benign Tumors CO2 laser

Vocal Cord Lesions

Laryngeal papillomas CO2 laser or PDL 585 nm

Chondroma Nd:YAG

Tracheal papillomas Nd:YAG or KTP

Metabolic/Idiopathic

Sarcoid Larynx: CO2 laser; Trachea: Nd:YAG

Amyloidosis Larynx: CO2 laser; Trachea: Nd:YAG

Locally Invasive Tumors

Thyroid Nd:YAG

Metastatic Tumors

Breast, Colon, Kidney Nd:YAG

Primary Malignant Tumors

Squamous cell Larynx: CO2 laser; Trachea: Nd:YAG

Carcinoid Nd:YAG

Adenoid cystic Nd:YAG

Lymphoma Nd:YAG

Melanoma Nd:YAG
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FIGURE 37-1 A, Storz rigid bronchoscope. B, Distal end of the bronchoscope.
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Specific Applications

Subglottic Stenosis 

Subglottic stenosis has multiple causes, but it is most commonly associated with mechanical trauma sec-

ondary to endotracheal intubation. Adequate treatment requires a complete preoperative work-up, which

should include a thin slice computed tomography (CT) scan or magnetic resonance imaging (MRI) and a

flow volume loop. However, a reliable diagnosis with mapping of the lesion can only be established by

direct endoscopy, performed under general anesthesia. Using telescopic optics and palpation, the endo-

scopist should be able to establish the length of the lesion, the extent of cartilage damage, and the presence

of vocal cord fixation or paresis. All these factors combined with the general status of the patient should be

taken into account when deciding on the best possible treatment.

Endoscopic management of subglottic stenosis with the CO2 laser was first described by Strong and

colleagues in 1979.5 Today, endoscopic techniques employing the CO2 laser continue to be used successful-

ly in properly selected cases. Adequate patient selection is extremely important. A group of factors have

been identified which can influence the success or failure of endoscopic laser procedures. Best results are

achieved with endoscopic laser treatment when the length of the lesion is less than 1 cm, the stenosis is lim-

ited, comprising mainly soft tissue, with minimal cartilage involvement, and good vocal cord function is

maintained.13,14 Cases in which a bilateral fixation or a paresis coexists with the subglottic stenosis must be

addressed as well. Some factors that may play a deleterious role in the final treatment outcome are the pres-

ence of active inflammation of the airway (eg, bacterial, fungal, preexisting tracheostomy, or active Wegen-

er’s vasculitis), and the presence of conditions that may impair wound healing such as diabetes, hypo-

thyroidism, and chronic steroid use.15–19

Since 1987, we have employed laser incision and dilation technique to treat selected cases of subglot-

tic and tracheal stenosis (Figure 37-2).19 For this procedure, we prefer the microspot delivered CO2 laser

with a 0.25 mm spot size, using a 16×  magnification in the microscope. The laser power is set at super-

pulse, usually at 5 W and 30 pulses/sec.

Under adequate exposure, three to four radial incisions are made through the scar tissue without

causing a circumferential defect, since this is likely to induce rescarring. Care is taken to use short pulses of

energy exposure of less than 1 sec; usually 0.2 to 0.5 sec to avoid transmission of heat, which could result

in further scarring. Islands of mucosa are preserved to assist with reepithelialization. The treated area expe-

riences a race between scar formation and reepithelialization. The incised scar is further stretched or dilat-

ed with the use of sequential sizes of ventilating bronchoscopes, used in a “corkscrew” fashion as atrau-

matically as possible, until reaching an 8.5 mm ventilating bronchoscope. The CO2 microspot delivery

system is preferred, due to the precise cutting nature of the focused beam, rather than a waveguide deliv-

ery system, which is nonfocused and subsequently less precise. The CO2 laser is preferred to the YAG and

other lasers, due to both its superior precision and better control of the depth of penetration.

Recent evidence shows that scar formation is retarded with the topical application of mitomycin-C.20–22

Mitomycin-C modulates the wound healing response by inhibiting proliferation of fibroblasts. Our experi-

ence with endoscopic laser surgery, followed by intraoperative application of 0.4 mL of mitomycin-C in 11

patients, has shown improvement both in the size of the airway and in the symptoms.22 However, despite 

significant decrease in scar formation, some scarring does occur, and patients may require more than one 

procedure to further improve symptoms.

Previously, employment of intralesional or systemic steroids has had poor results, since these not only

modulate the inflammatory response of fibroblasts but also delay the reepithelialization process. Post-

operatively, it is important to treat the patient with cool mist inhalation for several days and to use 

perioperative systemic steroids (48 hours), antireflux medication (30 days), and antibiotics (7 days) to prevent
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FIGURE 37-2 A, Treatment of web-like steno-
sis with laser radial incisions. B, Dilation of
the stenotic area with a bronchoscope.
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infection or crusting, which can lead to airway obstruction. We avoid tracheostomy in the acute presentation

since this would damage the normal trachea and add a risk of infection. In our 15-year experience, this 

technique has had a success rate of approximately 70%. However, some patients require up to three times of

endoscopic laser treatment before an adequate airway is achieved. In cases in which there is no improvement,

or recurrent stenosis, we recommend open resection and tracheothyroid anastomosis rather than rib graft

laryngotracheoplasty. The technique is described in Chapter 25, “Laryngotracheal Reconstruction.”

Other techniques employing the laser to treat subglottic stenosis have been described. In 1984, Dedo

and Sooy introduced the micro-trapdoor flap technique.23 This technique is performed by making a crescent-

shaped incision in the mucosa overlying the stenosis. A microelevator is used to elevate a mucosal flap from

the superior edge of the stenosis to its inferior aspect. The laser is used to vaporize the scar tissue causing the

stenosis. Once the scar tissue has been vaporized, the flap is carefully repositioned. The laser beam is used in

a defocused mode to weld the edges of the incision back together or the flap is simply allowed to re-adhere. A

success rate of 90% has been reported in lesions of less than 10 mm in length. Our success rate has been poor

since it is technically difficult to preserve the elevated mucosal flap.

Other techniques using laser to treat subglottic and posterior stenoses involve the use of the diode

laser and exogenous dyes for graft soldering.9 In this technique, a buccal mucosal graft, slightly larger than

the size of the surgical wound from the scar resection, is harvested. Submucosal fat is removed and the graft

tailored to the size and shape desired. The graft is placed on the wound, which has been covered with indo-

cyanine green mixed with autologous fibrin glue, and soldered using the 810 nm diode laser in a noncon-

tact mode with a 1 mm spot size at 400 to 800 nW power. Experience with this technique has been limited

and a larger series of patients would have to be studied to prove its effectiveness and safety.

The CO2 laser waveguide or bronchoscopic coupler system can be used for lesions located in the mid

to distal trachea, where laser energy can not be delivered with precision using a micromanipulator. Alter-

natively, the KTP laser or contact Nd:YAG laser could also be used to deliver energy through flexible fibers.

Subglottic Hemangioma and Other Vascular Lesions

The CO2 laser has been the laser and treatment of choice for over 15 years for hemangiomas with limited

involvement of the subglottic airway.24,25 The CO2 laser provides an excellent choice of treatment because

of its soft tissue interaction and the ability to achieve microhemostasis for capillary sized blood vessels.

Most importantly, it offers the advantage of avoiding tracheostomy during the proliferative phase of the

hemangioma. Approximately 80% of subglottic hemangiomas can be eradicated with one or two laser

treatments. CO2 laser surgery is often combined with steroids and interferon for management of subglot-

tic hemangiomas.26 The main complication following CO2 laser treatment for subglottic hemangioma is

subglottic stenosis, which can occur in up to 20% of patients.25

Low-flow venous malformations, on the other hand, are best treated with the Nd:YAG laser, used in

a noncontact fashion.27,28 These lesions normally appear in the supraglottic larynx, but may be found in the

trachea as well. In the majority of adult laryngeal venous malformations, a policy of nonintervention com-

bined with annual observation and photo documentation is recommended unless there is airway compro-

mise, dysphagia, bleeding, or severe voice impairment. Since these lesions are usually not discrete and well

defined by a capsule, an external surgical approach for removal is extremely difficult to perform and there-

fore not recommended. For the most part, we have used endoscopic laser photocoagulation to reduce the

size of these malformations. Good results with minimal bleeding are achieved with low power (15 to 20 W

of nonfocused energy and less than 0.5 sec exposures). Treatment of large venous malformations should be

performed in stages with 4- to 6-month intervals between procedures. Recently, interstitial application of

the Nd:YAG laser monitored with MRI or ultrasound has been reported to achieve promising results in the

treatment of laryngeal vascular malformations.29–31
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Respiratory Papillomatosis

Viral papillomas are the most common benign laryngeal tumors in the pediatric population. The disease

tends to be more aggressive in children, usually presenting with symptoms of airway obstruction and a high-

er number of recurrences, whereas in adults it tends to be milder, with hoarseness as the main complaint.

The disease is associated with the human papillomavirus types 6, 11, and occasionally 16.32 These lesions

tend to affect areas of junction between squamous and respiratory epithelium, with the vocal cords being the

most commonly affected site.33 However, these lesions can also occur in the subglottic and tracheal airway.

There is no cure for recurrent respiratory papillomatosis, and treatment is directed to the control of its symp-

toms. CO2 laser has become the standard treatment since first introduced by Strong and Jako in 1972.1

The CO2 laser treatment of laryngeal papillomas is best delivered with a microspot micromanipula-

tor. Tracheal papillomas, in which the CO2 laser can not be precisely delivered with a micromanipulator,

are best treated with a KTP laser in pediatric cases and a Nd:YAG laser in the adult patient.34, 35 Treatment

of airway papillomas often combines laser resection with the use of systemic drugs and nutritional supple-

ments such as interferon and indole-3-carbinol (I3C).36 I3C, found in cruciferous vegetables, has the abil-

ity to arrest the proliferative effect of estrogen in laryngeal papillomas by altering its metabolic pathway in

the cytochrome P450. However, unlike interferon, I3C can not induce regression of papillomas that are

already developed.

Our experience with laryngeal papillomas has been chiefly in adult patients. These patients tend to

have more sessile lesions, which are well suited for treatment with the CO2 laser using a “laser painting tech-

nique” (Figure 37-3 [Color Plate 9]). This technique relies on delicately ablating the papilloma 50 microns

at a time, using the laser in a sweeping fashion, at longer exposure settings such as 0.5 to 1 sec at 2 to 3 W

of power. Gentle suctioning and cleaning of the treated area, with a small cottonoid moistened in a 1/1,000

adrenaline solution, is performed to remove char and control bleeding after each laser sweep. As the papil-

loma base is approached, the laser is intermittently applied using 2 W at 0.5 sec, at 25× magnification in the

operating microscope. We recommend using a micro-whistle-tip suction close to the laser site of impact to

remove hot steam of vaporization, which can be injurious to the normal epithelium. Papillomas involving

the anterior commissure should be managed with special care, leaving at least 1 mm of mucosa untreated

to avoid web formation during healing. Interferon-α at 10 units/mL can be injected intralesionally in the

anterior commissure, to better control scarring from the laser.

When treating tracheal papillomas, the YAG laser photocoagulates the tumors, using 30 to 40 W for

protuberant and partially obstructing lesions, which are then mechanically débrided with the ventilating

bronchoscope and optical forceps. If the lesions are sessile and nonobstructing, then low powers of 20 to

30 W are used intermittently to photocoagulate and allow spontaneous sloughing to occur.

Amyloidosis

Amyloidosis is an infiltrative process, wherein a group of fibrous proteins accumulates in the submucosal

space and can cause obstruction in time. The condition rarely affects the head, neck, and respiratory tract.

The larynx is the most common site of amyloid deposition in the airway, followed by the trachea and

bronchus.37 Since amyloid lesions bleed easily, the Nd:YAG laser is favored because of its hemostatic ability.38

Palliation is the goal and laser bronchoscopy may be repeated as needed.

Tracheopathia Osteoplastica 

This is a rare lesion, where calcified nodules of cartilage appear adjacent to tracheal cartilages (see Chapter

4, “Imaging the Larynx and Trachea,” and Chapter 14, “Infectious, Inflammatory, Infiltrative, Idiopathic, and

Miscellaneous Tracheal Lesions”). The holmium laser can be used to remove the dense deposits to achieve

palliation of symptoms. More than one procedure may be required during the course of the disease.



Obstructing Tracheobronchial Tumors

The application of laser technology to the endoscopic treatment of patients with tracheobronchial disorders

was first introduced by Strong and colleagues in 1973, who used the CO2 laser to ablate peristomal papillo-

mas.39 The effectiveness and safety of laser application in bronchology were enhanced after the introduction of

the Nd:YAG laser in the l980s.40–42 The special hemostatic qualities of this laser energy make it the most suit-

able laser for endoscopic removal of malignant tracheobronchial lesions with a propensity for hemorrhage into

the airway (Table 37-3). Today, tracheobronchial obstruction secondary to primary bronchogenic carcinoma is

the most common indication for Nd:YAG laser bronchoscopy, accounting for 51 to 75% of all cases.43–46

The majority of patients presenting with lesions that obstruct the central airways all have tumors that

are inoperable, because of mediastinal or lymph node involvement, or lesions that are too central for sur-

gical resection. The most common primary lung tumor treated with the Nd:YAG laser is squamous cell car-

cinoma, followed by adenocarcinoma (Figure 37-4 [Color Plate 9]).43 Many of these patients have failed

radiation therapy and/or chemotherapy (Table 37-4). Unlike ionizing radiation therapy, the laser may be

used repeatedly for the palliation of malignant tracheobronchial obstruction.

Although the CO2 laser was the initial laser used for tracheobronchial laser therapy (Figure 37-5), its

use in the treatment of patients with malignant obstruction is severely limited by poor hemostatic proper-

ties.47,48 The hypervascularity of many malignant endobronchial tumors, such as carcinoids, adenoid cystic

carcinomas, and metastasis from renal cell, thyroid, breast, and esophageal carcinomas, is best treated with the

Nd:YAG laser because of its excellent coagulation properties (Figures 37-6, 37-7 [Color Plate 9]). Tracheo-

bronchial obstruction caused by endobronchial metastasis constitutes the second most common indication

for Nd:YAG laser bronchoscopy, accounting for 10 to 18% of laser bronchoscopies. The Nd:YAG laser has also

been used successfully in the treatment of benign conditions causing tracheobronchial obstruction, such as

amyloidomas, lipomas, fibromas, and hamartomas.49,50 Some cases of tracheal stenoses are also amenable to

treatment with the Nd:YAG laser. However, attention must be paid to the type of stenosis, since laser treat-

ment of lesions secondary to tracheal collapse without an intraluminal component is contraindicated.

We use the rigid bronchoscope in the majority of procedures because this instrument offers a

number of advantages over the flexible bronchoscope. Rigid bronchoscopes offer better control of

hemorrhage by use of large suction catheters, assure ventilation with the Venturi jet. They also provide

excellent visualization with use of the telescope, and facilitate rapid removal of tumor with large biopsy

forceps. The flexible bronchoscope is often a helpful tool, when used through the rigid bronchoscope,

for treatment of more distal or upper lobe tumors and for tracheobronchial toilet. In general, however,

the exposure to the upper lobes is somewhat difficult and fraught with dangers of hemorrhage from

pulmonary artery and vein branches.

Flexible bronchoscopy is most useful for delivery of the YAG laser in the outpatient bronchoscopy

suite for treatment of patients with small, noncritically obstructing (less than 50% lumen), distal tumors

that require photocoagulation for control of hemoptysis, or for benign lesions such as granulation tissue

and papillomas.51 One advantage of using flexible bronchoscopy is the avoidance of general anesthesia and

the inherent risks associated with it. However, this bronchoscopy technique has its limitations, especially
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Table 37-3 Indications of Laser Bronchoscopy

Reestablish airway patency (malignant tumor: palliation; benign tumor: resection)

Hemoptysis

Dilation of stenosis

Stent insertion
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when dealing with bulky lesions that may require more than one procedure and when treating highly vas-

cular lesions where an inability to control hemorrhage can lead to severe complications.

Anesthetic Technique 

Laser bronchoscopy can be challenging to the anesthesiologist and the endoscopist.52 The anesthetic method

used depends on the type of bronchoscopic technique. Most of the patients are high-risk, with concomitant

chronic obstructive pulmonary disease and cardiovascular disease. In these patients, topical anesthesia offers

the possibility of avoiding potential complications of general anesthesia, such as arrhythmia, myocardial

infarction, CO2 retention, neuromuscular weakness, and hemodynamic instability. In these cases, topical

lidocaine combined with intravenous sedation/anesthesia and assisted ventilation are used. With this topical

technique used in high-risk patients, the control of cough is often difficult when working near the carina. If

possible, complete control of the airway with relaxation techniques and Venturi jet ventilation is desired,

allowing use of the open bronchoscope for rapid application of the laser and removal of obstructing tumor

Table 37-4 Advantages and Disadvantages of Laser Bronchoscopy

Advantages 

Use of flexible or rigid bronchoscope

Hemostatic ability

Repeatability of treatment

Rapid relief of symptoms

Prepares airway for stent insertion

Disadvantages

Severe complications*

Special training

Expensive equipment

*See Table 37-5.

FIGURE 37-5 Early application of laser tech-
nology in the trachea. Treatment of peristomal
papillomas with the CO2 laser.



particles, blood, and secretions. Pulse oximetry is recommended to monitor for desaturation. The mean

operating time is approximately 30 to 40 minutes and the procedure is usually well tolerated.

Operative Technique

The most common rigid laser bronchoscopes available are the Storz and the Dumon-Harrell. The latter

offers separate channels for the telescope, laser fiber, and suction catheters. We prefer to use the Storz ven-

tilation brochoscope with Venturi jet adaptor (7.5 or 8.5) with an open proximal window to introduce the

0° telescope, laser fiber, and one or two semiflexible heat resistant suction catheters. The Dumon-Harrell

bronchoscope is commonly used for stent placement following a laser procedure.

The actual technique depends on the site of the tumor and the degree of obstruction. For tracheal

tumors, the YAG laser is used to photocoagulate the tumor prior to manipulation with 30 to 40 W at 0.5 to

1 sec. After thorough coagulation, the tumor is mechanically débrided by a shearing, corkscrew action of

the rigid bronchoscope and the tumor removed with optical forceps or open rigid suction. The broncho-

scope is then inserted distally to suction secretions and to obtain good pulmonary toilet. The major risks to

the patient are hypoxemia from accumulation of blood and secretions in the distal airway.53,54 The broncho-

scope is also used to tamponade the tumor base for further hemostasis for about 3 to 5 min while ventilat-

ing the patient. Pledgets of cotton soaked with 1/1,000 epinephrine can also be used for hemostasis. The

laser can then be used to vaporize tumor at the base of resection to further enlarge the tracheal lumen. It

must be stressed that palliation is the goal and no attempt is made to resect the tumor completely since it

most likely involves the tracheal wall and, in some cases, extends into the mediastinum.

Several studies have demonstrated the benefits of laser bronchoscopy in palliating dyspnea and

hemoptysis.44,46 Both symptomatic improvement and improvement in spirometry and flow volume loops

have been well documented. Waller and colleagues reported an overall improvement in the forced expira-

tory volume (FEV1) of 27% and relief of symptoms in 103 of 116 patients.55 When compared with other

palliative treatments, such as radiation therapy, the laser offers rapid resolution of symptoms and the pos-

sibility to avoid mechanical ventilation in patients with severe endotracheal obstruction.56 Photocoagula-

tion with the Nd:YAG laser is also effective in controlling hemoptysis, with a response rate of approximately

60%. Laser bronchoscopy can also be complementary to other types of therapy, such as radiation,

chemotherapy, stenting, or surgery.

There is controversy about the best palliative treatment for obstructing airway lesions. From our per-

spective, no technique is overwhelmingly superior to the others and different factors must be weighed when

making a decision. When laser bronchoscopy is compared with bronchoscopy and mechanical débride-

ment, both offer similar advantages in rapid relief of symptoms and repeatability. Laser bronchoscopy may

provide better hemostasis and a flexible bronchoscope may gain access to areas not reachable with the rigid

bronchoscope. On the negative side, laser bronchoscopy requires expensive instruments and special train-

ing. We would like to emphasize this last issue since a well-trained team is mandatory to obtain optimal

results and to swiftly manage complications. Nowadays, when “cost effectiveness” in medical procedures is

under great scrutiny, more economical techniques such as bronchoscopic mechanical débridement and

electrocautery have an advantage. The most important factor in the decision should be the experience and

the treating physician’s level of comfort with the technique.

Complications and How to Avoid Them

Tracheal Fire

This is a disastrous complication, usually secondary to ignition of the endotracheal tube or a flexible broncho-

scope used through the endotracheal tube. If the laser is used (CO2 or KTP) in the larynx, then a non-
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flammable endotracheal tube is mandatory. We favor a metallic tube such as the Mallinkrodt semiflexible

type. Never use flammable polyvinyl chloride (PVC) since these tubes can ignite despite being coated with

metallic tape.57,58 An endotracheal tube should be avoided, if at all possible, when using a laser through a

flexible bronchoscope. A spark resulting from explosion of a carbon particle can ignite the endotracheal

tube, particularly in a high oxygen environment. The PVC tube, when ignited, will serve as a blowtorch,

depositing hot ignition debris down the tracheobronchial tree.57 Immediate response to laser induced fire

is removal of the endotracheal tube and rapid establishment of the airway with either a rigid bronchoscope

or by reintubation. This should be followed by bronchoscopy to assess the degree of the damage. Antibi-

otics, steroids, and possibly stenting of the airway with an endotracheal tube or a T tube may be required,

depending on the extent of the injury.

Tracheal Perforation

The laser should never be fired perpendicular to the airway wall. The energy levels must be kept down to

recommended levels of power and always used in intermittent short exposures.

Hypoxemia

Hypoxemia is the most common intraoperative and postoperative complication (Table 37-5). It is usually

the result of accumulation of distal secretions or blood during the procedure. Respiratory depression

induced by anesthesia and also persistent hemorrhage can result in hypoxemia. Vigilant tracheobronchial

toilet should be maintained throughout the procedure.

Hemorrhage

Hemorrhage is usually persistent rather than massive. It is normally controlled with the laser or by tam-

ponade with the bronchoscope and application of adrenaline pledgets. Tracheal hemorrhage is rare and

better prevented than treated. The main priority is maintaining tracheobronchial patency; for this purpose,

the rigid bronchoscope is passed through the area of hemorrhage. The hemorrhage is controlled by tam-

ponade with the bronchoscope allowing ventilation of the patient and removal of distal accumulation of

blood. Once ventilation is secured, coagulation should be carried out from distal to proximal. Massive hem-

orrhage from a major blood vessel is an unusual complication, which may require emergency thoracotomy

and vessel repair (usually too late).

Infection 

Infection may occur secondary to spillage of pus from an obstructed airway, which can contaminate other

bronchi. The pus is drained by bronchoscopy after placing the patient in a lateral position with the affect-

ed bronchi dependent. Antibiotic coverage should be based on the results of culture.

Table 37-5 Complications of Laser Bronchoscopy

Hypoxia

Hemorrhage

Tracheal perforation 

Infection

Pneumothorax

Tracheal fire

Pneumomediastinum



Summary

Laser applications in the airway are well defined for the treatment of stenosis and malignancy as well as of

selected benign tumors such as papillomatosis and unusual conditions such as amyloidosis. Most impor-

tant is knowing when to apply the laser and how to avoid complications. It is essential for the endoscopist

to understand the basic soft tissue interaction of each laser wavelength and its associated safety concerns.

Laser technology can be an elegant addition to the bronchoscopist’s armamentarium when used properly

for appropriate indications or it can be a very dangerous instrument when these dicta are not adhered to.
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Editor’s Note

This survey by Drs. Shapshay and Valdez of the possible uses of lasers in treating airway problems is

admirably thorough. As an experienced otolaryngologist, Dr. Shapshay brings balance to his appraisal

rather than uncritical advocacy of a technique. I wish to emphasize, however, that most obstructive lesions

of the trachea, such as postintubation stenosis, are safely and expeditiously corrected by one well-designed

operation, which is well tolerated by almost all patients. It is my opinion that this should therefore be the

initial treatment. Preliminary trials of laser treatment, often repetitive and too often accompanied by 

tracheostomy, only delay definitive treatment, frequently compound the tracheal damage, make later oper-

ation more difficult, and add greatly to cost. (See Chapter 11, “Postintubation Stenosis.”)

Airway obstruction by neoplasm can also be relieved more simply by the well-established technique

of coring out the tumor. Lasers have not been needed to prevent or control bleeding (see Chapter 19,

“Urgent Treatment of Tracheal Obstruction”). Indeed, I have seen instances where bleeding incited by laser-

ing has complicated and made resectional treatment of bronchial neoplasm urgent—which would have

been ultimately necessary in any case.
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Although the importance of airway management has been recognized for decades, many practitioners are

unfamiliar with the design and use of many commercially available airway appliances. A tracheostomy tube

is often the airway appliance of choice for long-term airway management for upper airway obstruction, and

for access for pulmonary toilet, positive pressure ventilation, and airway protection from aspiration of

gastric and pharyngeal contents. The benefits of using a tracheostomy tube instead of an endotracheal tube

include 1) a reduced likelihood of injury to laryngeal structures, 2) ease of deep tracheal suctioning, 3) tube

stability, 4) overall patient comfort, 5) ability to provide a means for verbal communication, and 6) ease 

of swallowing.

Placement of a tracheostomy tube usually requires a surgical procedure, or percutaneous technique,

and therefore poses risks of complications. When performed electively, under controlled conditions, by

appropriately trained physicians, the incidence of complications including bleeding, hypoxia, pneumotho-

rax, subcutaneous and mediastinal emphysema, and tracheal injury should be minimal. The skill and expe-

rience of those providing postoperative management is paramount to minimize long-term complications.

This chapter describes the design characteristics and clinical use of tracheostomy tubes. It also reviews

several special airway devices that are used in acute and chronic airway management.

Components of a Tracheostomy Tube

Tracheostomy tubes, although designed to perform a few specific functions, are available in a variety of con-

figurations. Components of a modern tracheostomy tube include the 1) tube shaft, 2) neck flange, 3) cuff,

4) obturator, and 5) swivel adapter. Each tracheostomy tube is packaged individually with an obturator, a

tracheostomy tie, and product information. The obturator is used for insertion unless the tracheostomy

tube has a Magill tip. A swivel adapter is attached between the tracheostomy tube cannula and the respira-

tory equipment to minimize torque on the airway. Each tracheostomy tube differs with respect to compo-

sition, degree of flexibility or rigidity, neck flange configuration, diameter, length, and curvature. Cuff

design, including shape, compliance, and material, is another important variable.
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Composition

Most contemporary tracheostomy appliances are manufactured using polyvinyl chloride (PVC). Metal

tubes, made of silver and stainless steel, were commonly used in the past because of their durability and

ease of maintenance. Disadvantages of metal tubes include cost associated with short-term use and their

rigid structure. Increased rigidity may heighten the risk of mucosal trauma or tracheal wall injury during

tube insertion and maintenance. Cases have been reported of corrosion and separation of silver tracheo-

stomy tubes at the junction between the neck plate and the outer tube.1 PVC is the material of choice since

it provides varying degrees of flexibility based on composition and the possibility to design tubes to 

conform to varied anatomic configuration. Other materials including Silastic, silicone, and Teflon are used

for specialty applications. Silastic tracheostomy tubes and stoma stents are soft, flexible, and become more

pliable at body temperature. The use of these materials is considered later in this chapter.

Neck Flange

The neck flange or plate serves as a support between the tube and cervical tissues. Its primary purpose is

to stabilize the tube position. Multiple styles of neck flanges are available. The neck flange can be designed

as a solid plate, or in a soft and flexible configuration. Although most flanges are fixed to the tube at a 

designated location, others incorporate an adjustable design allowing for variation in effective tube length.

There are two swivel flange designs to allow the angle of the tube to change. The double cannula cuffed

and cuffless tubes, made by Shiley Medical of Mallinckrodt Inc. (St. Louis, MO), have a neck flange that

moves horizontally in one direction. The other swivel neck flange design allows movement on two axes,

horizontally and vertically, to conform to the patient’s airway (Tracoe Flex tracheostomy tube, Boston

Medical Products, Inc., Westborough, MA).

The Bivona hyperflex tube (flexible wire-reinforced silicone shaft; Bivona Medical Technologies,

Gary, IN) has an adjustable flange to provide for change of usable shaft length. Practical uses of this tube

include situations following total laryngectomy with an end tracheal stoma when positive pressure ventila-

tion is required, patients with a mediastinal stoma, and patients with short, fat, or “bull” necks having an

increased transmural distance.

The neck flange should be securely tied around the neck or sutured to the skin to avoid excessive tube

movement and allow easy visualization of the area surrounding the stoma. Although many types of tapes

and ties have been used, a cost effective and secure tie is manufactured from velcro.2

Size

Tubes are manufactured in a wide variety of sizes. PVC tracheostomy tubes are sized according to their

inner diameter (ID) and outer diameter (OD), expressed in millimeters. The size is denoted on the neck

flange of the tube. The metal Jackson and Shiley cannula tubes are sized according to an older system, the

Jackson equivalent number. There exists a conversion between sizes; for example, a Shiley no. 6 equals a no.

7.0 mm internal diameter. To eliminate confusion, one should select tubes according to the internal diam-

eter. In general, with plastic materials, there are approximately 3 mm of wall thickness between the inner

and outer cannula (Table 38-1). Adult tracheostomy tubes range in size from 4.0 mm ID to 12.0 mm ID.

Length

The length of a tracheostomy tube is defined as the distance from the neck flange to the tip of the tube. To

insure the proper fit of a tracheostomy tube, it is crucial to understand the relationship between tube size

and length. The length varies in proportion to the size of the tube. As the inner diameter of the tube increas-

es there is a corresponding increase in the length (see Table 38-1). A common problem occurring in tube



size selection is failure to realize that smaller ID tubes are shorter and therefore have greater potential for

malposition due to inadequate length. The length of a tracheostomy tube also varies among different man-

ufacturers. Standard tubes are generally designed to accommodate patients with normal neck and airway

anatomy. If a longer tube is necessary, one can use a tube with a larger inner diameter in order to gain need-

ed length or use extra-long tubes available from several companies (Bivona Medical Technologies; Portex,

Inc. [Keene, NH]; Shiley Medical of Mallinckrodt Inc.). These are especially useful for obese patients,

patients with short bull necks or masses in the neck. The extra-length tracheostomy tubes are manufac-

tured in size ranges from 5.0 to 10 mm ID. Shiley makes a single cannula tube that is longer than their stan-

dard double cannula tube. This has a relatively short distance from the flange to its circular bend. Portex

designed a tracheostomy tube with extra horizontal length that has an increased distance from the neck

flange to its bend. It then drops vertically. This helps to insure proper fit in a patient with a thick neck.

Bivona manufactures an adjustable neck flange, hyperflex (wire-reinforced silicone shaft), and extra-long

tracheostomy tube that may be instantly customized. The maximum usable length for a 7 mm ID tube is

120 mm, and the no. 9 mm ID tube has 140 mm of usable length. This tube is available in two cuff designs,

Aire-Cuf and tight-to-shaft cuff. These tubes can be used for a wide variety of anatomical variations or

pathology. Most manufacturers offer a custom tracheostomy tube service for unusual specifications. Bivona

offers a tracheostomy tube template so that all aspects of a tracheostomy tube, including tube shaft style,

curvature, length, diameter, cuff design, cuff position, and neck flange, can be customized.

Currently, two designs of extra-long, double cannula cuffless tracheostomy tubes are available; the

Moore tracheostomy tube and Tracoe comfort tracheostomy tubes (Boston Medical Products, Inc.). The
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Table 38-1 Size and Length of Tracheostomy Tubes

Manufacturer Size (mm) ID (mm) OD (mm) Length (mm)

Bivona Fome-Cuf 5 5.0 7.3 60 

6 6.0 8.7 70 

7 7.0 10.0 80 

8 8.0 11.0 88 

9 9.0 12.3 98 

9.5 9.5 13.3 98 

Portex Low Profile  6 6.0 8.5 64 

Disposable 7 7.0 9.9 70 

Inner Cannula 8 8.0 11.3 74 

9 9.0 12.6 80 

10 10.0 14.0 80 

Shiley Reusable Cannula 4 5.0 9.4 65 

Low-Pressure Cuffed 6 6.4 10.8 76 

8 7.6 12.2 81 

10 8.9 13.8 81 

Tracoe Flex 4 4.0 7.2 65 

6 6.0 9.2 73 

8 8.0 11.5 76 

10 10.0 13.5 80 

12 12.0 15.9 83 

ID = inner diameter; OD = outer diameter.
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Moore cuffless tube is a size 6, of which the inner diameter with the inner cannula in place is 6.4 mm, and

the outer diameter is 11 mm. This tube is flexible and made of radiopaque silicone. The extra-long length

is 115 mm and can be trimmed for individual specifications. This tube can be cut to patient specification

with a scalpel and a steady hand or with the available customizing kit that includes tube cutter and grind-

ing stones to smooth edges (Boston Medical Products, Inc.). The Moore tube comes with an obturator, two

inner cannulas, a tracheostomy tie, and a 15 mm connector to attach a speaking valve or ventilator equip-

ment. The Tracoe comfort tracheostomy tube is available in a wide range of sizes (5.0 to 14.0 mm ID), and

in standard and extra-long length. An extra-length size 7.0 mm ID tracheostomy tube is 100 mm long, and

with each increasing size, the length is 5 mm longer. A custom length can be ordered. This tube is flexible

and becomes more pliable at body temperature. Other design features of the Tracoe tube are that it can be

ordered with or without fenestrations and/or a speaking valve and an inner cannula with a 15 mm adapter.

Paraffin oil is used as a lubricant for placement of the inner cannula.

Cuff Design

Currently, all tracheostomy tubes are produced with large-volume, low-pressure cuffs which are soft, thin

walled, and compliant.3 Cuffs are designed to be cylindrical, round, or pear-shaped. The cuff should con-

form to the cross-sectional shape of the trachea, achieving a seal with minimal cuff to lateral wall pressure.

It must be noted that a low-pressure, high-volume cuff can produce tracheal mucosal ischemia if it is over-

inflated, creating increased pressure on the tracheal wall.4 Measurement of cuff pressure is an important

step whenever the cuff is inflated and on a regularly scheduled basis. It is important to maintain the lowest

possible cuff pressure at the lowest possible cuff volume required. The ideal cuff pressure should be main-

tained at a value less than 25 mm Hg to ensure that blood flow is maintained in the tracheal mucosa. In a

normotensive patient, the estimated tracheal arterial tissue perfusion pressure is 30 mm Hg. Cuff pressure

monitoring should be performed daily, or more frequently, if necessary. The cuff pressure and cuff volume

should be recorded and observed for changes.

Two techniques of cuff inflation that are commonly in use are the minimal leak volume technique

(MLT) and minimum occlusion volume (MOV). MLT is the smallest volume of air in the cuff that allows

for a small leak on inspiration associated with a positive pressure breath. MOV is the smallest volume of air

needed in the cuff to prevent an air leak on inspiration with a positive pressure breath. It is uncertain, based

on the published literature, if one technique is superior to the other with respect to complication rate.5,6

However, the MOV technique may be the method of choice in patients with increased risk for aspiration,

and in the ventilator-dependent patient in order to assure the set ventilator volume is delivered.7,8 The MLT

is designed to minimize the potential for tracheal trauma by providing minimal cuff to tracheal wall con-

tact. When using this technique with patients on mechanical ventilation, the delivered tidal volume may

need to be increased to compensate for a leak and to achieve adequate ventilation. Potential problems with

the MLT include tube movement, possible tracheal mucosal drying from airflow leaks, aspiration of upper

airway secretions, and loss of set ventilator volume.9 Routine cuff deflation and reinflation, although once

common practice, is now no longer indicated. Cuff deflation increases the risk of aspiration and hypox-

emia.10 There is a potential for overinflation of the cuff. If a previously determined volume of air is replaced

in a not fully deflated cuff or if a larger volume is used, then the cuff may be overinflated. If this volume

exceeds maximal resting volume of the fully inflated cuff, then the intracuff pressure and consequent pres-

sure on the tracheal wall may increase sharply because of lack of elasticity of plastics, with conversion effec-

tively to a high-pressure cuff. If cuff deflation is performed, suctioning the oropharynx and applying posi-

tive pressure during cuff deflation to decrease the risk of aspiration of pharyngeal secretions is

recommended. Cuff deflation is indicated in selected situations such as evaluation of a cuff leak, to clear

upper airway secretions, to allow the patient to vocalize, and after surgery to reevaluate the volume of air



required for proper cuff inflation. This volume should be recorded on an appropriate record. If an increas-

ing volume of air is required in the cuff to maintain a seal, then one must consider the potential for iatro-

genic tracheal dilation. Tracheal injury can be assessed by evaluating the cuff diameter to tracheal diame-

ter ratio on a chest radiograph, with a range higher than 1.5:1.0 being predictive of damage.5

As an alternative to air, the cuff design may incorporate material such as foam. Although such a spe-

cial design can be used on a routine basis, it is more often used when the cuff pressure and volume with a

standard air-filled cuff is excessive, usually in the setting of tracheomalacia.11 The “Fome-Cuf” tracheo-

stomy tube is manufactured from silicone (Bivona Medical Technologies) with a large diameter, high residual

volume cuff filled with plastic foam with a silicone covering. This cuff is unique since it is self-inflating. The

cuff inflates in a passive manner when the pilot balloon is opened to atmospheric pressure and the intracuff

pressure is zero. Deflation of the cuff is accomplished by withdrawal of air from the cuff using a 60 cc

syringe. Prior to insertion, one must insure that all air is removed from the foam cuff. The foam cuff should

hug the tube shaft tightly to create the smallest cuff diameter and to decrease the risk of tearing the cuff on

insertion. With the design of this large, foam-filled cuff, even in the deflated state, the excess material

increases the diameter at the cuff site, making passage through the stoma difficult. After placement of the

tube, the pilot port is open to the atmosphere and the cuff is self-inflating. Patients requiring positive pres-

sure ventilation with airway pressure greater than 45 cm H2O will often develop a leak around the inflated

cuff. Air can be added (1 cc increments) to create an adequate seal, usually at the cost of increased cuff pres-

sure. The pilot port is then occluded to maintain the additional air in the cuff. The cuff pressure should be

monitored carefully if this approach is used.

Another approach to maintain a cuff seal in the setting of positive pressure ventilation is the use of

the side port auto control airway connector that fits between the end of the tracheostomy tube and the ven-

tilator tubing with a side port. The pilot port tip fits onto the side port, and with each positive pressure

breath, air inflates the cuff to create an adequate seal at peak airway pressures. Thus, the foam cuff inflates

and deflates with the cycling of each breath from the ventilator. A tear in the silicone covering creates spe-

cial problems. The cuff remains in the inflated state but the inability to produce a negative intracuff pres-

sure limits cuff deflation. In such a circumstance, the tracheostomy tube must be removed with the cuff in

the inflated state. This can lead to patient discomfort and release of foam into the airway.

When no longer needed, the cuff is deflated and the patient progresses to an uncuffed 

tracheostomy tube.

Single and Double Cannulas 

Tracheostomy tubes are available with single or double cannulas. A removable inner cannula is either

reusable or disposable. The inner cannula can be removed for cleaning while the outer cannula remains in

place to provide airway continuity. This is particularly useful for patients in a home setting or where med-

ical care providers are not trained in tracheostomy tube removal and reinsertion. The reusable inner can-

nulas cannot be used interchangeably between tubes of the same size. The disposable inner cannula is com-

monly changed daily, although research suggests this routine practice of changing the inner cannulas may

be unnecessary.12 Standard practice is to check all inner cannulas (reusable and disposable) daily for

obstruction. Notable disadvantages of the double cannula tracheostomy tube are reduction in airway cross

section, increased resistance, and potential for increased work of breathing.13 This may be significant in

patients with marginal respiratory function.

Specialized Tracheal Appliances

Several specialized tracheal appliances are commercially available. These are generally used to provide some

form of vocalization in chronically ventilated patients. These tracheal appliances, such as “talking” and
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“fenestrated tracheostomy tubes,” have been available for many years. These tubes give patients a sense of

comfort and decrease in frustration and anxiety by providing them with the ability to communicate using

normal glottic function.

Talking Tracheostomy Tubes

Talking tracheostomy tubes permit vocalization with the cuff inflated (Figure 38-1).14–16 Positive airway pres-

sure and airway protection are maintained. Examples are Bivona’s tracheostomy tube with talk attachment,

Portex’s “Trach-Talk” tracheostomy tube, and Implant Technologies’ “Communi-Trach I.” These have a cuff

inflation line and speaking port. The speaking port is a small bore tube, set into the curvature of the tracheo-

stomy tube and stopping just above the cuff. The external end has a two-way connector. One end is connect-

ed to compressed gas at a flow rate of 4 to 8 L/min. Air flows into the trachea above the cuff and retrogrades

through the vocal cords, allowing vocalization. During vocalization, the other end of the connector is occlud-

ed. The liter flow required for an audible voice may be different for each patient. Patients must understand

that the quality will be different from their normal voice, usually at a lower pitch. The patient must be

instructed to speak in short sentences; with long sentences, the voice will drift off to a whisper, due to the con-

tinuous flow of gas through the vocal cords. Common problems with these appliances are poor voice quality

and occlusion of the talk port with secretions. The talk port can be cleared with a 50%–50% solution of saline

and acetylcysteine (Mucomyst). Another complication is the potential for the compressed airflow to escape

FIGURE 38-1 Talking tracheostomy tube.



through the tracheal stoma or into the pretracheal tissue. Thus, it is advisable to wait one or more days after

tube placement to permit the stoma to close down before the talking option is used. Secretions that are pooled

above the cuff can be removed by the application of a suction to the “talk port.” It is important to monitor the

potential for aspiration. This can be accomplished by the administration of blue-dyed ice chips via the oral

route with suctioning through the talk port. This is only a rough guide to the degree of aspiration; the swal-

lowing function must be evaluated more fully.

Fenestrated Tracheostomy Tubes

Several types of fenestrated tubes are available: “Lo-Profile” tracheostomy tube (Portex Inc.), Low-pressure

cuffed tracheostomy tube (Shiley Medical, Mallinckrodt Inc.), and Tracoe flex tracheostomy tubes (Boston

Medical Products) are examples of cuffed or cuffless precut fenestrated tracheostomy tubes. These are avail-

able in a variety of sizes (Figure 38-2).16 The fenestration is a hole in the outer cannula. When the inner

cannula is removed, the fenestration is open, providing airflow through the vocal cords, thus allowing

speech. These are double cannula tubes, which permit speech when the cuff is deflated, the inner cannula

is removed, and the tube is plugged. When the cuff is inflated and the inner cannula is in place, positive
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FIGURE 38-2 Proper placement of a cuffed
fenestrated tracheostomy tube in the trachea.
The cuff is deflated, the fenestration opened,
and the tube plugged to allow vocalization.
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pressure ventilation is possible and protection from aspiration of material into the lower airway is provid-

ed. Patients are considered candidates for a cuffed fenestrated tracheostomy tube when swallowing func-

tion is adequate. Airway protection can be evaluated with a modified barium swallow or a bedside test using

blue-stained ice chips or water. Prior to the use of these devices, patients must 1) be able to protect their

lower airway, 2) be able to clear secretions with minimal assistance, 3) have only a modest amount of secre-

tions, and 4) be capable of spontaneous ventilation for at least a 2-hour period.

Upper airway patency should be evaluated prior to the placement of a fenestrated tube. A simple bed-

side method is to remove the tracheostomy tube, occlude the stoma with gauze, and evaluate the patient’s

breathing pattern using the patient’s natural airway. If a patient has difficulty breathing, as evidenced by

inspiratory stridor or retractions, then the fenestrated tube should not be placed.

To insure proper alignment of the fenestration within the tracheal lumen, either a lateral neck x-ray

or bedside measurements should be obtained (Figure 38-3). At the bedside, the distance from the skin to

the anterior and posterior tracheal walls can be measured using a simple technique. A sterile pipe cleaner,

as depicted, is useful for this approach. These maneuvers help to avoid occlusion of the fenestration with

tracheal tissue, by insuring proper position within the tracheal lumen. This procedure should be performed

for cuffless fenestration as well.

Manufactured prefenestrated tubes may be adequate for only a small percentage of patients, due to

anatomical variation and pathology. Serious upper airway obstruction has been reported in the presence of

improperly positioned fenestrations.17 Therefore, custom fenestrated tubes can be ordered or, in some

cases, crafted at the bedside. The size of the fenestration generally should not be larger than the lumen of

the tracheostomy tube; large fenestrations allow more contact with the tracheal wall, often stimulate gran-

ulation tissue growth, and weaken the structure of the tube. It is suggested that this type of tube be exam-

ined by direct vision (flashlight or flexible bronchoscope) on a routine basis.18

FIGURE 38-3 Bedside technique of
measuring for fenestration.



An alternative approach is to use a nonfenestrated tracheostomy tube with the cuff deflated and the

proximal opening occluded or “capped” to provide the ability to talk as air flows around the tube and through

the cords. This method can be dangerous due to resistance and the substantial effort required to move air up

and around the nonfenestrated tube through the upper airway.19 If this method is used, monitor the patient’s

pattern and rate of respiration for increased effort to breathe, and listen to airflow characteristics over the lat-

eral neck with a stethoscope. Patients may have difficulty clearing secretions using a nonfenestrated capped

tracheostomy tube. Pulse oximetry is recommended throughout the entire weaning procedure.

Stents

Tracheal stoma stents or tracheostomy buttons are used to maintain stomal patency. This provides access

for suctioning or replacement of a tracheostomy tube for emergency ventilation (Figure 38-4). The closure

plug on the button allows for normal respiration and phonation. Several designs of stomal stent are avail-

able (Figure 38-5), including the Montgomery tracheal cannula system, made of silicone (Boston Medical

Products, Inc.), the Olympic tracheostomy button made of Teflon (Olympic Medical, Seattle, WA),20 and

the straight and curved stents made of silicone (Hood Laboratories, Pembroke, MA) (see Figure 38-4). Each

manufacturer provides a wide range of sizes and lengths, and thus, these devices can be adapted to fit most

pathological situations in any patient. Before a stomal stent is placed, the patient’s swallowing function

must be evaluated. In addition, a chest x-ray should be obtained to confirm the absence of progressive

parenchymal disease. The inspired oxygen requirement should be no greater than 40%.

Prior to placement of a stomal stent, the tracheostomy tube is removed. The stomal depth is mea-

sured by placing a sterile small hooked pipe cleaner, or a device called a stoma gauge (Hood Laboratories),
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FIGURE 38-4 Stomal stent is available in both
curved and straight designs (Hood Stoma
Stent, Hood Laboratories, Pembroke, MA).
Both designs are available in several diameters
(A) and lengths (B).
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into the stoma and hooking the anterior tracheal wall (Figure 38-6). The length is marked at the skin sur-

face. The length of the stent is determined using this measurement. The length of stomal stent must not

exceed that of the stomal track, otherwise the stent can slip backward into the trachea, causing obstruction

of the airway. The stent is lubricated and placed into the stoma, and then the closure plug is inserted. The

patient should be encouraged to cough, breathe deeply, and talk using normal glottic function. The closure

plug should be removed, and a light source used to ensure that no obstruction exists around the pedicles

of the stent against the anterior tracheal wall. If the stomal stent protrudes, then the closure plug is removed

and gentle pressure is applied to reposition the stent flush with the neck. Improper positioning may limit

function and increase the risk that the stent is only partially in the stoma and that the anterior tracheal wall

will close. Stomal stents may be left in place for several days or weeks. Complications are primarily related

to malpositioning. Many patients go home with an appliance in place.

Speaking Valves

Placement of a cuffed tracheostomy tube generally causes dysphagia, aphonia, and reduces the ability of the

patient to taste and smell. Patients who are stable on mechanical ventilation, or those capable of maintain-

ing spontaneous ventilation for a few hours, are candidates for a one-way speaking valve to restore voice

communication. There are suitable valves for the ventilator-dependent and nonventilated patient.21–23 The

one-way valve is placed on the tip of the tracheostomy tube with the cuff deflated; on inspiration, air enters

the trachea through the valve, and on expiration, the valve closes and air exits through the upper airway,

allowing normal glottic function. Speaking valves assist in the reestablishment of laryngeal reflex activity,

FIGURE 38-5 Montgomery stomal stent on the left (Boston Medical Products Inc.). The oblique end-plate resides in the tra-
chea. The plug fits the opposite end. The Olympic button lies on the right.



phonation, and coughing without the need for finger occlusion. The inspiratory airway pressure that the

patient requires to open the valve is relatively low (airflow resistance 2.6 cm H2O or less in all of the

valves).24 The low resistance to open the valve should not add to increased effort to breathe, but it may do

so, especially in patients with respiratory muscle weakness. The patient’s breathing pattern and oxygen sat-

uration should be monitored initially with the use of a speaking valve. Commonly, patients can clear secre-

tions more easily, their sense of smell is stimulated, and their swallowing function improves. The valves are

durable and easy to clean.

There are several one-way speaking valves designed to fit on standard tracheostomy tubes and stomal

stents equipped with a 15 mm hub adapter. The most common one is the Passy-Muir tracheostomy speak-

ing valve (Passy-Muir Inc., Irvine, CA) (Figure 38-7).22,24 The Passy-Muir (PMV) 2000 series is a low pro-

file, lower resistance tracheostomy and ventilator speaking valve. The PMV 2000 frame is clear, designed to

be less visible, whereas the PMV 2001 is bright purple to facilitate staff awareness. The PMV 2000 series

valves are lightweight, smaller, open with less resistance, and can be used on or off the mechanical ventila-

tor. These valves have the “Secure-It.” This is an attachment that connects the PMV to the tracheostomy tie

to prevent valve loss. The PMV 2000 series valves are closed position “no leak” valves offering benefits

including improved swallowing, reduced aspiration, improved secretion management, reduced weaning,

and decannulation time.25

The Shiley phonate speaking valve is available with or without an oxygen supplement port and cap

(Mallinckrodt–Shiley). This valve is lightweight and the diaphragm has a hinged cap for easy access for

cleaning. The Montgomery tracheostomy and cannula speaking valve is the only valve with a pressure

release feature. This release feature reduces the risk of the valve popping off the 15 mm adapter of the tracheo-

stomy tube during a forceful cough (Boston Medical Products, Inc.). The Olympic “Trach-Talk” (Olympic

Medical) is a spring-loaded valve that clicks with opening and closing of the valve. The spring assists in

reopening the valve on expiration. This speaking valve is T-shaped so it can be used for oxygen delivery and
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FIGURE 38-6 A, Device to measure stomal depth.
B, Technique of measurement. Place the sterile pipe
cleaner or device through the stoma and hook it onto
the anterior tracheal wall; then mark at the skin to
determine the depth of the stoma track.

A

B
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has a cap that is easily removed to permit suctioning without removing the valve from the tracheostomy

tube. There are two Hood speaking valves (Hood Laboratories). One of these is designed to fit stoma stents

of sizes 11.0 and 13.0 mm OD. The stomal stent plug can be removed from the attachment and the speak-

ing valve attached to the holder to prevent loss of the valve. The other valve is adapted to fit all 15 mm 

connectors for tracheostomy tubes.

Heat and Moisture Exchanger

Any tracheostomy device that bypasses the upper airway interferes with the normal heat and moisture

exchange that is usually provided to inspired air. Heat and moisture exchanger (HME) devices provide

some of this function. In spontaneously breathing patients, in whom the tracheostomy tube cannot be

capped or a speaking valve used, an HME can minimize the loss of moisture and protect the lower airway.

The heat and moisture exchanger, Thermovent T (Portex, Inc.), has an oxygen adapter that clips onto the

exchanger to provide an oxygen flow to the patient. The HME is easy to use, has low resistance to flow, and

filters foreign particles from entering the lower airway.

Summary

In summary, there are a few but important aspects of tracheostomy tube management. First, it is essential to rec-

ognize the size-to-length relationship—the smaller the inner diameter of a tube, the shorter the shaft length of the

tube. It is important to remember that the length of a tube for a given size varies among different manufacturers.

FIGURE 38-7 Passy-Muir speaking valve (Passy-Muir Inc., Irvine, CA).



Second, evaluation of tube position using the chest x-ray and an estimate of diameter cuff to tracheal diameter

ratio is important.Airway injury may increase if the range is greater than 1.5:1.0. The tracheostomy tube may have

to be changed to a different size or cuff design. Third, speciality tubes are important to provide vocalization and

comfort for the patient. It is essential that the staff caring for these patients be knowledgeable about the design and

function of these devices. Listed in the appendix are manufacturers and their Web sites. Most importantly, all have

excellent educational handbooks and guides to care of the tracheostomy patient.

Appendix

Manufacturer Information
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Bivona Medical Technologies

5700 West 23rd Ave.

Gary, IN 46406

1-800-348-6064

1-219-989-9150

Fax: 1-219-989-7435

<http://www.portexusa.com>

Boston Medical Products, Inc.

117 Flanders Road

Westborough, MA 01581

1-800-433-2674

1-508-898-9300

Fax: 1-508-898-2373

<http://www.bosmed.com

Hood Laboratories

575 Washington Street

Pembroke, MA 02359

1-800-942-5227

1-781-826-7573

Fax: 1-781-826-3899

<http://www.hoodlabs.com>

Mallinckrodt Inc.

PO Box 5840

St. Louis, MO 63134

1-888-744-1414

<http://www.mallinckrodt.com>

Olympic Medical

5900 First Avenue South

Seattle, WA 98108

1-800-426-0353

1-206-767-3500

Fax: 1-206-762-4200

<http://www.olymed.com>

Passy-Muir Inc.

4521 Campus Drive, Suite 273

Irvine, CA 92612

1-800-634-5397

1-948-833-8255

Fax: 1-949-833-8299

<http://www.passy-muir.com>

Portex, Inc.

10 Bowman Drive

Keene, NH 03431-0724

1-800-258-5361

Fax: 1-603-352-3703

<http://www.portexusa.com/> 
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Tracheal T Tubes
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Tube Management

Experience with T Tubes

Conclusions

Hermes C. Grillo, MD

Critical stenosis of the upper airway not amenable to surgical resection often requires a tracheostomy, either

as a temporary measure or for long-term relief. Transient airway obstruction after operative reconstruction

may also require temporary intubation. Although tracheostomy tubes have the virtue of simplicity in inser-

tion, management, and change, they divert the airflow from the nose, mouth, and larynx. Speech is then

possible only when air passes around the tube or through a fenestration in the tube, and then only with a

flutter valve or an occluding finger. Because of these disadvantages and the potential of additional injury to

the trachea from quite rigid tubes, an alternative solution to maintenance of a patent airway was desirable.

The tracheal T tube lies halfway between a tracheostomy tube and an internal airway stent. It has advan-

tages and disadvantages relative to both and so merits its own chapter.

In 1891, Bond devised a tracheal T tube made of two rigid parts, a proximal half and a distal half,

divided horizontally along the line of the sidearm which emerged from the tracheal stoma.1 The two were

held together with a collar (Figure 39-1). The T tube in its present incarnation was developed by William

Montgomery, at the Massachusetts Eye and Ear Infirmary, and introduced in 1965.2,3 Although an initial

model consisted of a two-part rigid tube, the present design, which is now widely used, is made of flexible

medical silicone rubber. It was originally hoped that the tube would provide definitive treatment for tra-

cheal stenosis. Because of the innate cicatricial tendency of scar tissue, this has rarely been successful, but

the Silastic T tube tracheal stent has found extensive use. If the sidearm of the T tube remains occluded,

except during treatment, then humidity is maintained in the tube by the normal upper airway protective

mechanisms. The airway remains open and the patient breathes normally through the mouth and nose.

When the tube spans an obstructing tracheal lesion, normal glottic speech is maintained. Excellent long-

term acceptance with absence of injury to the tracheal wall makes this a preferable way to maintain airway

patency. The T tube has been used for long-term management of many problems.4–6 Modifications have

been made to deal with special problems at the laryngeal and carinal ends of the airway.

The T tube has been used at Massachusetts General Hospital since 1968 for three general indications:

1) for temporary stenting of the airway, 2) as a definitive procedure for palliation of airway obstruction, and
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3) for complications of airway reconstruction. Gaissert and colleagues described the use of the T tube or

its modifications in 140 patients from the ages of 7 months to 95 years, between 1968 and 1991.7 Tempo-

rary airway support was provided in 31 patients, either prior to tracheal resection or as the only procedure.

In 49 patients, the T tube was the definitive procedure for airway palliation. Obstruction following operative

reconstruction led to placement in 32 patients.

The T tube can provide temporary airway support while determination is made as to whether all or

part of a complex injury will stabilize, where, for example, cartilages are partly intact. Time is also gained

for severe inflammation to subside prior to resection at a safe stage, for a patient’s medical status to

improve, as in Guillain-Barré syndrome, for reduction in corticosteroid medication, or for completion of

other procedures (such as orthopedic repairs) prior to tracheal reconstruction. If the stenosis is severe—

and indeed in most cases, resolution after T tube splinting is illusory and the stricture will reassert itself—

then either resection or permanent splinting is required.

The T tube may be the definitive airway where insufficient trachea remains for adequate reconstruc-

tion or where irresectable tumor obstructs after other modalities have been used, especially extrinsic tumor,

or where other severe disease precludes tracheal repair. Some malacic or inflammatory processes, such as

relapsing polychondritis, may also be so palliated. Severe inhalation burns may be palliated by prolonged

intubation but may eventually resolve sufficiently to allow extubation.

A T tube can provide a satisfactory airway following failure of tracheal anastomosis, until such time as

reoperation is appropriate, or permanently if reconstruction can not be repeated.

FIGURE 39-1 Rigid T tube in two
parts, devised by Bond in 1891.1



The T Tube and Its Placement

The tube consists of a vertical column of flexible medical silicone, which resides in the airway and is

intended to span the entire length of a stenosis or other obstructive pathology. A sidearm of the same

material emerges from the tube at a right angle and passes to the surface. A plug or stopper of silicone is

provided to occlude the sidearm. Tubes are made in a variety of outer diameters ranging from 6 to 16 mm.

The size numbers of tubes correspond to their outer diameter. Tubes are provided in pediatric, standard,

long, and extra-long lengths (up to 15 cm) (Figure 39-2). The tubes may be trimmed to precisely the size

required for the individual patient but care must be taken to smooth the cut edges. Densely radiopaque

tubes are available.
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FIGURE 39-2 Silicone tracheal T tubes; stan-
dard, long, and extra-long tubes. Two tubes are
12 mm outer diameter and the extra-long tube
is 14 mm (Hood Laboratories, Pembroke, MA).
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Following an instance of airway obstruction, when an entire tube including the sidearm was inex-

plicably aspirated into the distal trachea, Montgomery produced a model of a tube characterized by a

ridged sidearm over which a circular ring of silicone is passed to prevent such aspiration. I have never

observed this problem using the modified T tube.

The technique of placement is conceptually simple, but in individual cases with very varied pathol-

ogy, fitting a T tube may be difficult and time-consuming and demands close cooperation between the

anesthetist and surgeon. Preliminary standard tracheal x-rays provide maximum information about the

lesion, including precise and relative dimensions of the diseased airway, distances between the glottis and

superior margin of the lesion, and relationship of the lesion to the carina and to an existing stoma. T tube

placement is best done under general anesthesia with spontaneous respiration. Rigid bronchoscopy is per-

formed initially, a stenosis is dilated, and tracheal measurements are made as described in Chapter 5,

“Diagnostic Endoscopy.” The diameter of the tube is selected on the basis of radiologic findings and

observations. I prefer to select a tube of larger size to provide the patient with the best possible airway pal-

liation, but which will not fit too tightly against the mucosa proximally or distally. A tight fit can produce

inflammation of normal trachea above and below the lesion. In many patients, a standard or long T tube

will suffice to span the lesion without creating additional problems such as laryngeal irritation. If a 

tracheostomy is already present, it is usually used for the sidearm of the T tube. In some patients, because

of the obliquity of the tracheostomy tube tract, a T tube sidearm will not rest appropriately, and it is nec-

essary to modify the stomal tract and the opening into the trachea so that the sidearm will emerge 

without kinking (Figure 39-3). If the stoma is insufficiently large, it may be dilated with Hegar uterine

dilators. During these manipulations, the ventilating bronchoscope is withdrawn to a point above the

stoma, but it is not removed from the airway. The rigid bronchoscope provides a safe airway for these

maneuvers. A flexible endotracheal tube should also be available to be slipped into the stoma for direct

distal ventilation, intermittently if necessary. Liberal suctioning keeps the airway free of blood. Profuse

granulations at the tracheal stoma and within the stomal tract and trachea are removed. In some patients,

opportunity is taken at this point to transfer a tracheostomy stoma that may have been placed below a cer-

vical stenotic lesion to a location in the stenotic lesion. This will permit the stoma that was within normal

trachea to heal and so recapture this portion of trachea for later reconstruction (see Chapter 24, “Tracheal

Reconstruction: Anterior Approach and Extended Resection”). The sidearm of the T tube should never

rest against the brachiocephalic artery any more than a tracheostomy tube should.

In most patients, the T tube must be modified at one or both ends to obtain a precise fit. The proxi-

mal end of the T tube should not abut the conus elasticus of the subglottic larynx, to avoid inciting a ring

of potentially obstructive granulations. It is acceptable to seat the proximal end of the tube within the sub-

glottic larynx, but below the curve of the conus. Distally, the tube should extend below the lesion, but not

so far that evacuation of secretions is made more difficult, or that the lower tip of the tube abuts and irri-

tates the carina, giving the potential for forming granulations.

Final tube lengths are determined in the following manner. After initial approximation of the length from

bronchoscopy, the tube is trimmed conservatively, inserted into the trachea, and position observed carefully.

The proximal end is examined with the 0˚ Hopkins telescope. If a short (25 cm) ventilating bronchoscope is

used at this point, then the telescope can be passed through the longest of T tubes and the location of the dis-

tal end of the T tube observed. Alternatively, a flexible bronchoscope is passed through a sealing gasket via the

rigid bronchoscope to check the position of the distal end of the T tube relative to the lesion and carina. The

lower end of the tube must lie lower than the obstructing lesion, or granulations will form distal to the tube.

Trimming the tips of the tube may be done in a number of ways. The tube is cut sharply with a

scalpel, resting the tube on a firm surface while this is being done. A sterile paper millimeter ruler includ-

ed in the kit permits precise measurement of lengths removed and lengths remaining. The cut end of the



tube is sanded smooth with sterile emery paper to produce a rounded end similar to that of the original

manufacture. Excess bits of silicone produced by the grinding process are, of course, washed off with saline.

This process can be speeded a bit by trimming the sharp outer circumference of the freshly cut edge with

scissors on a 45o obliquity and then sanding the resulting rough cut. The precise lengths of proximal and

distal vertical limbs of the final tube and its total length are measured and recorded. This will facilitate later

changes and revisions. When a tube that has been trimmed in this fashion is changed, it provides a tem-

plate for a replacement tube. During final bronchoscopic examination of the tube’s position, an adaptor

from an endotracheal tube may be slipped into the sidearm of the T tube and adequate ventilation carried

out with high flow directly through the tube, despite proximal loss of gases.

The technique of insertion is done according to Montgomery’s description (Figure 39-4). The distal end

of the tube is grasped with Kelly forceps. I prefer to invert the distal portion of the tube into a U-shape and

grasp it from either side, thereby compressing the tube into a relatively small leading diameter (see Figure 

39-4A). With liberal use of a water-soluble surgical lubricant, the tube is passed through the existing stoma

into the distal trachea. A second Kelly clamp grasps the tube higher up, close to the sidearm, thrusting the tube

distally as the first Kelly clamp is released and withdrawn carefully (see Figure 39-4B). The tube is now pushed
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FIGURE 39-3 Modification of existing tracheostomy
tract for T tube placement. A, Oblique tract in a long-
standing tracheostomy. The dotted line shows the
modifying incision. B, Corrected stomal tract with a T
tube in place through the dilated stenosis.
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distally so that the upper limb is inserted into the distal trachea first and then permitted to snap up into the

upper trachea above the stoma (see Figure 39-4C). Passage of a suction catheter distally, to clear out secretions

and blood, is facilitated by angulating the sidearm upward towards the chin with a finger.

If great difficulty is encountered in seating the upper end of the tube, then it may be overcome by a

technique described by Cooper and colleagues.6 A long tracheostomy tape is passed through the sidearm of

the tube, out through the proximal vertical limb, and thence into the stoma, where it is grasped by forceps

through the rigid bronchoscope and pulled out through the bronchoscope proximally (Figure 39-5A). The

distal tube is pushed downward into the distal trachea and a clamp is placed across the sidearm, fixing the

tape firmly in the T tube (Figure 39-5B). The bronchoscopist next pulls firmly and tightly on the portion

of the tape that passes through the bronchoscope, which serves to snap the proximal limb into the tracheal

lumen (Figure 39-5C). The clamp on the sidearm is removed and the tape withdrawn. Cooper and col-

leagues described passing a T tube over a bronchoscope perorally, using an occlusive balloon on the

bronchoscope.6 We have not found this technique necessary. Once the T tube is seated, ventilation contin-

ues through the sidearm. If strenuous manipulation is necessary, then Decadron is frequently given intra-

operatively and for a short period postoperatively. Racemic epinephrine can also be considered.

The final position of the tube is always checked bronchoscopically. A further check on its effectiveness is

whether ventilation through the sidearm is satisfactory. Where pathology permits, and where the patient can

tolerate it and breathes well, I prefer to cap the sidearm of the tube immediately. The patient leaves the operat-

ing room breathing spontaneously through a normal route across the pharynx. It is almost impossible to ven-

tilate satisfactorily through a T tube even if a Fogarty or Pruitt catheter is placed in the proximal vertical limb

FIGURE 39-4 Technique of insertion of T tube. A, Folding
the distal end of the T tube on itself and grasping it with a
curved clamp close to its tip produces a “probe,” which is eas-
ily directed into the stoma and distal trachea.

A



and an adaptor is placed in the sidearm of the T tube. The T tube is too flexible to be a safe conduit for venti-

lation except briefly in the operating room, even though the lesion itself provides a seal around the distal tube.

In patients who have undergone multiple prior tracheal procedures (failed reconstruction, several

tracheostomies at different levels, lasering, etc) with destruction of long lengths of trachea, and in whom prox-

imal and distal tracheal remnants are wholly separated by scar, cervical exploration may be necessary in order

to insert a tracheal T tube. In others, an extent of injury precluding safe end-to-end reconstruction only

becomes evident after exploration. In several patients with tracheoesophageal fistula in addition to extended

tracheal stenosis, the fistula was reparable but a T tube was used to restore a functional airway. Pedicled strap

muscles are used to cover the bridging T tubes in these patients. The results can be very satisfactory.
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FIGURE 39-4 (CONTINUED) B, With the tube grasped by the
sidearm with a second clamp, the first clamp is shifted to the prox-
imal tip, pushing it distally into the tracheal lumen. C, Pulling on
the sidearm seats the vertical limb of the T tube in the trachea.

B C
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FIGURE 39-5 Insertion technique if placement is unusually difficult. A, Umbilical tape passed through the T tube sidearm and the proximal vertical
arm is retrieved from the tracheal stoma via the rigid bronchoscope and pulled through the bronchoscope. B, The T tube insertion is commenced in the
usual way, and then a clamp placed across the sidearm of the tube to fix the tape firmly.

A B



Immediate Care

If there is any immediate difficulty in ventilation due to glottic edema from the manipulations, pharyngeal

secretions, or soft tissue obstruction in the not fully awake patient, then 100% humidity is provided

through a tracheostomy mask placed over the sidearm of the tube. This is necessary to prevent inspissation

of secretions in the tube. If the patient must remain initially without a cap on the tube, it is important that

the nursing staff be aware of the critical need for continuous humidification. A T tube is not a tracheostomy
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FIGURE 39-5 (CONTINUED) C, Firm
traction is made on the tape through the
bronchoscope to draw the proximal ver-
tical arm into the trachea. The tape is
then withdrawn.

C
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tube. On principle, once placed, it should never be left uncapped except when treatment is being given or

in an initial period of airway adjustment and patient awakening.

In most patients, the long sidearm will protrude significantly from the skin of the neck. Once edema of

the incision has regressed, the tube may indeed be trimmed to within a couple of centimeters of the skin surface.

In some T tubes, the cap is attached to the sidearm to prevent its loss. The connecting piece is

designed so that it may be cut off and a slot in the strap slipped over the sidearm if the sidearm must be

shortened. If the stopper is free, we prefer to place a loop of suture through the cap and attach this to the

patient’s neck with a tracheostomy tape passed loosely through the loop.

The irritation of the procedure and the presence of a foreign body, however inert, may initially stim-

ulate considerable secretions. A brief course of antibiotics appropriately directed to organisms present may

favorably affect this. The tube is ordinarily not fixed to the skin unless the patient is uncontrolled. In a rare

patient of particularly heavy build, or in whom the trachea at the level of the stoma is far from the surface

of the skin, it has been necessary to cement an extension to the sidearm with silicone adhesive, for easy suc-

tioning. The best way to do this is with a segment cut from another tube of the same size as the sidearm,

held with a short collar cut from the next larger size of silicone tubing.

Modifications of Tubes and Placement

Modifications of the silicone tracheal T tube are useful for special circumstances. Westaby and colleagues

fashioned a T-Y tube for lesions involving the carina and main bronchi (Figure 39-6).8 The T-Y tube may

be inserted over two ureteral catheters, which pass through the tube and its right and left bronchial limbs

into the tracheal stoma, and by bronchoscopic placement, into right and left main bronchi. A simpler alter-

native is to squeeze the right and left limbs together, with a bronchoscopic foreign body forceps placed

through the T-Y tube, and insert the tube directly into the stoma. The proximal end of the tube is snapped

upward into the proximal trachea. The placement is confirmed by a flexible bronchoscopy.

Because the angles of the bronchi are not the same in all patients, it is necessary in some cases to design

a tube with special dimensions and angles. The length of the tube and the point at which the external sidearm

emerges may also need to be specified. In general, the T-Y tube is designed so that the sidearm enters at an angle

which is obtuse distally. An advantage of the T-Y tube over a Y stent is that the carinal Y will not be displaced

upward because of the fixation by the sidearm. Furthermore, access for suctioning is always available and the

tube can be extracted with ease emergently and a tracheostomy tube replaced. In special cases, we have removed

one of the sidearms of the T-Y tube, converting it to a T-L tube. If necessary, a bronchial limb may extend into

the bronchus intermedius, and a further side hole is cut out for the right upper lobe bronchial orifice.

With patients who have had a right pneumonectomy, but have airway obstruction of the carina or

left main bronchus, a very long tube has been fashioned, using a segment of a Hood Montgomery silicone

salivary tube (Figure 39-7). The next larger size of the standard T tube is cut to produce a short collar

attached to a sidearm. A side opening is made at the appropriate level of the salivary tube segment and the

collar with the sidearm is slipped over the tube and cemented in place. For long-term management, special

tubes may be designed and ordered individually. Bronchial stents may be preferred for some patients (see

Chapter 40, “Tracheal and Bronchial Stenting”).

In the special case of a subglottic stenosis that extends close to the vocal cords, the T tube must pass

through the vocal cords to be effective. If placed directly beneath the cords, irritation may produce granu-

lation tissue or edematous obstruction. Subglottic and upper tracheal inhalation burns are similarly man-

aged.9 A tube placed in this fashion should end between the false and true cords and not impinge on the

epiglottis. Because of the small size of the glottic aperture, Robert H. Lofgren has designed a T tube with a

proximal upward tapering vertical limb that traverses the glottis (see Chapter 35, “Laryngologic Problems

Related To Tracheal Surgery”). A tube through the glottis interferes with the voice, leaving the patient with



a hoarse or a whispered voice, but one that is intelligible. Usually, the patient is able to swallow without

aspiration after a short period of time. A speech pathologist can help to train the patient to avoid aspira-

tion. Generally, the epiglottis and false cords protect sufficiently against aspiration.

In order to meet patients’ objections to the protrusion of the sidearm of a T tube through a cervical

stoma, Keszler removed most of the sidearm in some patients and placed the capped end subcutaneously,

depending on the stump to hold the tube in place.10 I have not used this technique, which today becomes

another form of inlying stent that is complicated in placement.

Tube Management

As noted, the tube should be kept capped at all times except as described. A few cc’s of saline are instilled

once or twice a day.11 The patient usually clears secretions with a cough. Suctioning should be available,

especially initially, even at home, using a portable machine. The patient and family are taught to instill

saline and also to pass the suction catheter distally by angling the protruding tube upward or proximally, if

necessary, by angling it downward. Proximal suctioning, which will tickle the undersurface of the vocal

cords, is likely to produce cough and sometimes gagging. If the catheter is passed too far distally, it produces

cough from carinal reflex. Saline instillation may be used more frequently, if necessary.

Acetylcysteine instillation for care of a T tube is not routinely necessary. In some patients, acetyl-

cysteine appears to produce more irritation and cough. The stoma itself is cared for in the usual manner.
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FIGURE 39-6 Silicone T-Y tracheal tube for carinal placement. A, The tube with a stout bronchoscopic foreign body forceps
beside it. B, The bronchial limbs of the Y tube are squeezed together by the forceps to allow insertion via the stoma. Water-
soluble lubricant eases the passage.

A B
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Swabs with hydrogen peroxide or saline are used to clean the peritubal area daily, or more frequently, as

needed. No dressing is required. Granulation tissue around the stoma is treated by removal and cautery

with silver nitrate sticks.

Patients have kept T tubes in place for years without difficulty. In general, however, we recommend

that the tube be changed about once a year. Silicone rubber ages, and eventually, the sidearm may crack or

even separate from the vertical tube. Inspissated material inevitably sludges inside the tube after long peri-

ods of time. The rate of formation of such sludge, even with the best of care, will vary from patient to

patient. Patients should also be instructed that if they experience shortness of breath on exercise or hear

wheezing, then their tube patency should be examined promptly by a physician. This is easily done with a

flexible bronchoscope through the sidearm.

Experience with T Tubes

In general, tracheal reconstruction after resection should stand on its own merits and not require splinting. This

is also true for laryngotracheal reconstruction. In only two unusual patients were T tubes used after resection

and reconstruction. In one, there was concern about a segment of uncertain stability above the anastomosis.

The majority of 140 patients in whom the T tube was used suffered from postintubation lesions,

burns, or malignant tracheal tumor (Table 39-1).7 The indications for temporary use of a T tube were stat-

ed above. In 14 patients, it preceded reconstruction, and in 16 patients, it was the sole treatment for lesions

that had resolved with splinting from 3 months to 9 years—most often in 4 to 6 months.

The tube was used definitively as palliation in 49 patients.7 Six had an unresectable tumor; 4 with

squamous cell carcinoma survived 1 and 17 months, whereas 2 with adenoid cystic carcinoma survived 

FIGURE 39-7 Fabrication of a very long T tube in the operating
room. The tube is fashioned from a Montgomery silicone “salivary
tube,” shown at the left, by removing the funnel and cutting it to
the desired length. The cut edge is sanded smooth. A side opening
is cut out at the level desired for the sidearm. The sidearm is con-
structed from a standard T tube of next larger size (at the center of
the illustration), by cutting off the proximal and distal vertical
limbs to produce a short collar. The collar is then cemented into
place, as seen on the right.



10 months and 2 years, respectively. The remaining 43 patients had a benign tracheal stenosis that was

unresectable, either because of limited residual length of normal trachea which was suitable for recon-

struction or, less often, because of contraindications such as advanced cardiopulmonary disease. Two of

these patients had a left main bronchial stenosis after prior right pneumonectomy, 27 then living had had

T tubes in place between 5 months and 16 years (mean 55 months), and 15 who died between 1 month and

6 years had the tubes in place for a mean of 21 months. A patient died of tracheal hemorrhage, but the caus-

es of death in the others were not related to the T tube.

Thirty-two patients used the T tube postoperatively after tracheal resection. Sixteen were referred from

other institutions and 16 had reconstruction at the Massachusetts General Hospital. If reconstruction fails,

I prefer to wait 4 to 6 months before attempting a second reconstruction. If mechanical reconstruction is

delayed, a T tube is the preferred method of maintaining the patient while the postoperative inflammation

resolves. In 13 of the 32 patients, the T tube was placed in the immediate postoperative period, and in the

remaining 19, after delay of 1 month to 14 years following reconstruction. Five of these patients achieved

decannulation without other procedures, whereas in another 5 patients the T tube permitted successful 

re-resection later, but 11 patients continued to have tracheal tubes—8 T tubes and 2 T-Y tubes and 

1 tracheostomy tube (due to subglottic stenosis).

In 28 of our patients (20%), the T tube did not create a reliable airway and had to be removed within 2

months of placement. This was due primarily to airway obstruction (19), but also in a few to aspiration (3),

obstruction and aspiration (2), patient noncompliance (2), secretions (1), and tracheobronchitis (1). Most

commonly, the obstruction was proximal to the subglottic area. In 2 patients, the problem proved to be that of

sleep apnea, not permitting a closed T tube nocturnally. In these patients, the T tube served to demonstrate that

a tracheal reconstruction should not be done, and a tracheostomy tube was reinserted.

It should be noted that success was less satisfactory in children than in adults. The T tube failed in 5

of 10 patients under 10 years of age, reflecting the small dimensions of the pediatric airway and particu-

larly the subglottic space.
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Table 39-1 Diagnosis in 140 Patients in Whom T Tubes Were Used

Diagnosis Number of Patients

Postintubation stenosis 86

Burn 13

Malignant airway tumor 12

Radiation stenosis 4

Relapsing polychondritis 4

Tracheomalacia 4

Vascular malformation 3

Sarcoidosis 2

Trauma 2

Necrotizing tracheitis 2

Mucopolysaccharidosis 2

Postpneumonectomy syndrome 2

Tracheobronchomegaly (Mounier-Kuhn) 1

Tuberculosis 1

Idiopathic stenosis 1

Tracheopathia osteoplastica 1

Reproduced with permission from Gaissert HA et al.7
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There were two episodes of airway obstruction with a T tube in place. Both patients died in outside

hospitals and the role of the T tube was not entirely clear. It is not known whether the tube was removed

when the asphyxiation occurred. The episode of hemorrhage in a 12 year old, presumably from the innom-

inate artery, after placement of a T tube, has been noted.

The tracheal T tube can be handled successfully by many patients in the long term. The longest per-

iod noted was 20 years. Once the tube is tolerated for 2 months, late problems appear unlikely. In 49

patients, intubation was continued for 1 year, and in 12 patients for over 5 years. Review of 33 patients, who

lived with a T tube chronically, showed mild or absent respiratory symptoms in most of them. Exercise tol-

erance was normal in 7, mild dyspnea on severe exertion was present in 16, and 10 patients had marked

dyspnea on exertion, plus wheezing in another 10. Most of this latter group had a pulmonary parenchymal

disease or reduced functional reserve for varying reasons.

T tubes are also used as the basis for reconstruction in a unique situation: correction of obstructing

tracheopathia osteoplastica (see Chapter 32, “Surgery for Tracheomalacia, Tracheopathia Osteoplastica,

Tracheal Compression, and Staged Reconstruction of the Trachea”).

Conclusions

A silicone T tube developed by Montgomery is an important adjunct in surgery of the airways.2,3 In a

patient with a functional larynx, it offers the closest approximation to a normal airway with good humid-

ification of the lower airways, preservation of voice, and social acceptability. Daily care is easy and not rigid-

ly demanding. I generally prefer the immediate access provided by these tubes over fixed or inlying stents

that are inaccessible from the outside. A T tube does not preclude later surgical treatment. In 10 of 12

patients with subglottic stenosis, a tube placed through the vocal cords was tolerated quite well, as pointed

out by Cooper and colleagues.4 At present, for the patient with a benign but unreconstructible lesion of the

trachea, the T tube appears to be an excellent method of providing a stable and dependable airway.

Inlying silicone stents of the Dumon type, with projecting knobs to hold the stent’s position, tend to

migrate, especially when used in the upper trachea. Expandable metallic stents, coated or not, may incite

serious, sometimes irreversible, obstructing granulations, limiting their advisability for treatment of benign

lesions (see Chapter 40, “Tracheal and Bronchial Stenting”).12 The silicone T tube obviates all these prob-

lems but presents the disadvantage of an opening to the surface of the neck.
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Stenosis or obstruction of the central airways produces symptoms of dyspnea, stridor, and obstructive

pneumonia. Depending on the location and extent of the obstruction, patients may suffer from impending

suffocation, and a slight exacerbation of the narrowing by edema, secretions, or blood may be immediate-

ly life threatening. In most cases, resection and surgical reconstruction provide the best opportunity for

definitive management. However, bronchoscopic management is the first step in providing a diagnosis, sta-

bilizing the obstructed airway, and evaluating resectability. Many patients may be found to be unresectable,

and it is in these patients that endoscopic techniques, including airway stenting, can provide a minimally

invasive and effective palliation of their airway obstruction. Although the long-term outlook in these cases

is often dismal, the temporary or permanent relief of airway obstruction provides significant palliation,

with marked improvement in quality of life and potential prolongation of life.

A variety of endoscopic techniques have been developed for the palliation of central airway obstruction.

Endobronchial débridement (core-out), laser resection, endobronchial brachytherapy, and photodynamic

therapy have all been used successfully for malignant airway stenosis. Similarly, dilation and laser resection

have been used for the management of benign tracheobronchial stenosis. Although advocates for each of these

techniques have reported success with individual modalities, most would agree that a flexible application of

these techniques, even combined in the same patient, provide the best chance for a successful outcome.1

In both benign and malignant diseases, tracheobronchial stents have been used to palliate the effects

of large airway obstruction caused by extrinsic compression, intraluminal disease, or loss of cartilaginous

support. As experience has been gained with specially designed stents for the biliary tree, esophagus, uri-

nary tract, and blood vessels, there has likewise been a proliferation of devices for use in airway stenting

(Table 40-1). Advances in airway prosthetics have produced a variety of silicone stents, expandable metal

stents, and pneumatic dilators, enabling the correction of increasingly complex anatomic problems.

Although airway resection and reconstruction is the preferred therapy for both benign and malignant

lesions, a variety of factors, including a long stenosis, failed previous repair, metastatic or unresectable

malignancy, or patient refusal, may dictate nonsurgical management.2,3 Tracheobronchial stents also pro-



Table 40-1 Characteristics of Major Airway Stents 

Stent FDA Costs 

Type Manufacturer Construction Delivery Approved ? Sizes (mm) (approx US$)

Hood Hood Corporation Molded silicon rubber Tube stent Yes 6 × 13 – 18 × 70 $100–$350

plus Y 

stents

Dumon Bryan Corporation Molded silicon rubber Tube stent Yes 9 × 20 – 16 × 60 $350

plus Y 

stents

Dynamic Rüsch Incorporated Silicone with anterolateral Y stent Yes Y stents only $1,600

steel struts  3 sizes: 13, 15,

17 mm tracheal

diameter

Wallstent Boston Scientific Woven cobalt / chrome alloy Self-expandable Yes 8 × 20 – 24 × 60 $1,495

monofilaments coated  constrained  

with silicone within delivery

catheter

Ultraflex Boston Scientific Single-strand woven nitinol, Self-expandable Yes 8 × 20 – 20 × 80 $1,625

with and without silicone constrained within

coating delivery catheter

Strecker Boston Scientific Single-strand tantalum mesh Balloon expanded Yes 8 × 20 – 11 × 40
deployment

Palmaz Johnson and Expandable slotted stainless Balloon expanded Yes 8 × 10 – 12 × 40 1,000–$2,000
Johnson steel tube deployment

Wallgraft Boston Scientific Woven cobalt / chrome alloy Self-expandable Yes 6 × 20 – 12 × 70 $1,950–$2,250

monofilaments with  constrained within

polyethylene covering delivery catheter

Polyflex Rüsch Incorporate Polyester mesh coated with Self-expandable Yes 6 × 20 – 22 × 80 $1,300
silicone constrained within 

delivery catheter

Gianturco William Cook Cylindrical zigzag stainless steel Self-expandable Yes 6 × 25 – 35 × 50 $150–$450

Europe monofilament constrained within
delivery catheter

FDA = US Food and Drug Administration.
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vide an alternative to open surgical procedures that may be preferred by some patients or physicians. In

other cases, endoscopic management may act as temporizing palliation while stabilizing or evaluating a

patient for subsequent resection.

Benign and malignant airway obstruction is uncommon, resulting in limited clinical experience for

most thoracic surgeons and pulmonary physicians, even at tertiary medical centers. Experience with inter-

ventional bronchoscopy, including stent placement, is an important part of any thoracic surgical program

that performs airway resections or lung transplantation, providing for management of postoperative anas-

tomotic complications. Similarly, the surgeon or pulmonologist considering stenting for airway palliation

should be experienced with both the indications and techniques of airway resection, or be a part of a close-

ly linked multidisciplinary team that allows a balanced consideration of airway resection versus therapeutic

bronchoscopy. Because of the relative rarity of these lesions, it may be preferable to manage patients with

central airway obstruction in a specialized tertiary center that has the experience and multidisciplinary team

to offer consideration and application of the full spectrum of techniques of complex airway management.

Historical Perspective

Charles Stent was a British dentist who practiced in the late nineteenth century and developed dental

impression material that was used as a template to support healing skin grafts. His pioneering work result-

ed in the term “stent” being used to describe such artificial structural methods for preserving the viabili-

ty and function of tissue. Today, the term is used most commonly for methods of maintaining patency of

tubular structures, including the tracheobronchial tree.4 The concept of the airway stent dates back to the

late 1800s, with publications by Trendelenburg in 1872 and Bond in 1891.5,6 The first modern treatment

of a major airway obstruction by placement of an endotracheal stent was reported by Harkins in 1952,

describing the use of metal tubes for a benign tracheal stenosis resulting from trauma.7 Successful stent-

ing of the airway by a silicone prosthesis was first described in 1965 by Montgomery, who used a silicone

T tube for stenting of the trachea.8 Some of the earliest attempts at airway stenting consisted of surgical

placement of silicone tubes in the trachea.9,10 The best known of these surgical prostheses was the Neville

stent, which was a silicone stent with Dacron extremities sutured into place during thoracotomy.11

The current generation of bronchoscopically placed endoluminal stents was introduced by Duvall and

Bauer, who modified the Montgomery T tube design so that it could be inserted by bronchoscopy.12 Other

authors modified the Montgomery T tube, lengthening the distal limb and adding a bifurcation to provide

support for the mainstem bronchi.13 Ultimately, the external side limb of the T tube was removed and the sub-

sequent cylinder stent inserted into the airway during laryngoscopy, rigid bronchoscopy, or over bronchial

bougies.14 In 1989, Cooper and colleagues reported on a modified Silastic stent, used in 11 cases for malignant

tracheobronchial obstruction.15

Dumon published his preliminary results of a newly designed stent, used in 66 patients in the late

1980s.16 Dumon had experimented with modified Montgomery T tubes throughout the 1980s and sub-

sequently patented what is the most widely used tube stent today, the Dumon stent (Bryan Corpora-

tion, Woburn, MA). This stent is made of molded silicone with external studs at regular intervals to pre-

vent dislodgment. A Y-modification for stenting of the carina and main bronchi has also been

introduced. Silicone stents by other manufacturers are also available, which may have proximal and dis-

tal flanges for stabilization or have external studs like the Dumon stent (Hood Laboratories, Pembroke,

MA). One of the most recent modifications has been designed by Freitag (Dynamic stent, Rüsch, AG,

Kernan, Germany) and is a silicone Y stent with the anterolateral walls reinforced with metal hoops. The

nonreinforced silicone posterior wall of the stent is collapsible, mimicking the dynamics of the mem-

branous trachea during inspiration and expiration, with the theoretical benefits of facilitating expecto-

ration and avoiding secretion accumulation.17,18 
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Although the silicone stents have been proven to be effective for the treatment of tracheobronchial

stenosis from both benign and malignant etiologies, they have several disadvantages that limit their useful-

ness as an airway prosthesis. One of the shortcomings is wall thickness, which offers a low internal to exter-

nal diameter ratio, resulting in a relatively smaller usable lumen. These stents also interfere with mucociliary

function and may become obstructed by inspissated secretions. Silicone stents may also have problems with

dislodgment and potential obstruction of lobar or segmental orifices. Furthermore, in general, placement of

silicone stents requires general anesthesia and rigid bronchoscopy and may be technically challenging for

endoscopists who do not perform rigid bronchoscopy routinely. Because of these limitations, a number of

investigators have developed other types of stents, most notably the metal expandable stents.

Several self-expanding wire stents originally designed for biliary or vascular strictures have been used

for malignant as well as benign tracheobronchial stenosis. Besides the initial report by Harkins of a metal

alloy stent, others suggested the use of metallic endoprostheses for surgical reconstruction of tracheal and

bronchial stenoses.19,20 Although these stents were not expandable, an inner skeleton comprised of a wire

mesh adequately supported the airway. This initial experience, combined with the successful use of metal

stents in the vascular and biliary trees, led to the development of first-generation expandable metal stents.

Cesare Gianturco developed the Gianturco stent in the animal laboratory at the MD Anderson Cancer Cen-

ter in the 1980s. The Gianturco stent (Cook, Inc., Bloomington, IN) is a continuous zigzag loop of stain-

less steel wire that is compressed into a cylinder, allowing delivery into a vascular or airway stenosis. Wal-

lace and colleagues reported their experience with the Gianturco stent in the tracheobronchial tree in dogs

in 1986, and soon thereafter, the Gianturco stent was approved for use in humans.21

The Palmaz stent (Johnson and Johnson Interventional Systems, Warren, NJ) was first used in 1988

for emergency treatment of tracheal stenosis in a child.22 The Palmaz stents are examples of fixed diameter

balloon expandable stents. These stents do not exhibit any intrinsic radial force and are positioned and

seated by balloon expansion. This stainless steel mesh stent has been predominantly used for pediatric

patients because of the availability of small diameter sizes. However, because of the inflexibility and com-

plications from both the Gianturco and Palmaz stents, these are now uncommonly used in adult clinical

practice in the United States.

The second generation of metal stents was led by the Wallstent, initially marketed by Schneider, Inc.,

which has subsequently become a subsidiary of Boston Scientific Corp. (Natick, MA). Wallstent is a self-

expandable intravascular stent, is delivered in a constrained form and, once released, expands to a preset

diameter. The tubular mesh structure of the Wallstent makes it more able to conform to the airway con-

tours than first-generation expandable stents, and its ease of delivery has led to widespread use for tracheo-

bronchial stenoses.

Another second-generation stent, the Ultraflex stent, is also a self-expanding prosthesis woven from

a single strand of nitinol. This nickel-titanium alloy stent exhibits properties of “shaped memory,” mean-

ing that at low temperatures, the alloy deforms plastically (martensitic state), whereas at higher tempera-

tures, it regains its original shape (austenitic state).22 The Ultraflex stent (Boston Scientific Corp., Natick,

MA) has only recently been released for use in the United States.

Initially, there was enthusiasm for the porous structure of expandable wire mesh stents, theoretically

allowing neoepithelialization, resumption of mucociliary clearance, and avoidance of lobar or segmental

obstruction if placed across airway orifices. However, complications of granulations and tumor ingrowth

through the stent interstices have resulted in further refinement of expandable stents by merging the

strengths of silicone and metal stent technologies. The Gianturco, Wallstent, and Ultraflex stents are now

all available in covered versions, in which the mesh structure is coated with a silicone or polyurethane coat-

ing. Obviously, this prevents the potential benefit of neoepithelialization, but helps alleviate the known

complications of ingrowth of tissue through the stent.



Although refinements have continued to be made over the last two decades, the existing stent designs

are still flawed. The ideal stent should possess the following characteristics: 1) ease of insertion; 2) ability

to adjust or remove; 3) ability to reestablish and maintain airway patency; 4) stability to prevent migration;

5) be firm enough to resist compressive forces yet compliant enough to prevent airway erosion; 6) abiltiy

to conform to airway contours; 7) biocompatibility with low incidence of infection or granulation tissue;

and 8) normal mobilization of secretions and minimal interference with mucociliary clearance. Although

both silicone and metal stents possess some of these characteristics, each also lacks other significant char-

acteristics, and the ideal stent is yet to be created.

Types of Stents

Silicone Stents

The most commonly used silicone stents are the Dumon and Hood stents (Figure 40-1A). These are both man-

ufactured from molded silicone. Both of these stents come in a variety of diameters (6 to 18 mm) and lengths

(20 to 80 mm). Both also have regularly placed external studs to engage the airway wall and prevent migration.

The Hood stents also come in a version that has proximal and distal flanges in the smaller bronchial sizes to

prevent proximal or distal migration in an area of stricture. Both the Hood and Dumon stents come in a bifur-

cated version for stenting of the carina, distal trachea, and proximal mainstem bronchi, simultaneously.

The Orlowski stent is created from polyvinyl chloride with internal metal armor.23 In order to pre-

vent migration, these stents are long, with the intent of being placed across the carina into one of the main

bronchi with a bronchial side port to allow contralateral lung ventilation. This feature complicates stent

placement and mucociliary clearance.

The Dynamic stent (Rüsch AG, Kernan, Germany) is Y-shaped, with a long tracheal and left main

bronchial limb and a short right main bronchial limb (Figure 40-1B). This stent has an anterolateral sili-

cone wall reinforced with a metallic hoop, and a nonreinforced posterior wall to mimic the dynamics of

membranous wall of the trachea.

A newer design of silicone stents is the Nova stent (Novadis, St. Victoret, France), which consists of a

thin sheet of silicone rolled like cigarette paper to form a tube. Small metal bands are embedded within the

silicone that allow it to progressively reexpand to its preformed diameter after insertion.24

Metal Stents

Gianturco stents are constructed from metal stainless steel monofilament wires, fashioned in a zigzag pat-

tern with 5 to 10 bands.4 The lengths of the stents are 2.5 cm for tracheal stents and 2 cm for bronchial

stents. These stents can be delivered through a 12F introducer sheath. These stents are also available as tan-

dem stents with double the length of the single stents. Because of problems with migration, small hooks are

placed along the proximal and distal ends to allow for anchoring into the airway wall.

The Wallstent airway prostheses are made from woven stainless steel monofilament wires, fashioned

to form a cylindrical mesh. These stents are longitudinally stretched to compress into an introducer sheath

and, as such, shorten upon the self-expansion of deployment (Figure 40-1C). Because of the larger contact

area than the Gianturco stent, Wallstents do not require hooks to prevent migration. The Wallstent has

excellent flexibility and conformance to the airway anatomy. Problems with ingrowth of tumor or granu-

lations through stent interstices have been largely alleviated by coating the Wallstent with a thin layer of sil-

icone rubber (Permalume). There is still 5 mm of bare metal stent at each end to help stabilize the stent and

prevent migration, but these areas may still result in tissue ingrowth and secondary stent obstruction.

The Ultraflex stent is made from a single strand of nickel-titanium alloy (nitinol) woven into a

cylindical mesh. The increased heat of the body produces self-expansion of the thermal-triggered shape
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FIGURE 40-1 Photographs of airway stents. A, Hood tracheal, bronchial, and Y stents with flanges
or studs for airway seating. B, Dynamic stent with bifurcated mainstem limbs and reinforced
anterolateral walls. C, Wallstent with Permalume coating within the delivery sheath, partially
deployed, and fully deployed over the delivery sheath.

A

C
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memory property of the stent, once released from its delivery catheter. Both covered and uncovered ver-

sions are available, and because of the single-strand nature of the construction, endoscopic retrieval is more

feasible than with a Wallstent or Gianturco stent.

The Palmaz stent is a fixed diameter stent made of stainless steel, with staggered rows of rectangular

slots around the entire circumference. These stents require balloon expansion to deploy them in the airway

and expand the stent to its functional diameter. Once expanded, the Palmaz stent does not exert a contin-

ual expanding pressure on the airway. There is no covered version of the Palmaz stent, and after tissue

ingrowth occurs, removal is very difficult.

The Strecker stent consists of a single tantalum filament interwoven into a cylindrical wire mesh.

These stents are very flexible and do not shorten longitudinally when dilated, making placement easier, par-

ticularly in short segment stenoses. Like the Palmaz stent, Strecker stents require balloon expansion during

deployment to produce the desired stent diameter and they do not produce the intrinsic radial force of self-

expandable stents.

Indications

The large variety of potential indications for endobronchial stent placement are listed in Table 40-2. The

majority of patients requiring tracheobronchial stents have malignant disease, most commonly bronchogenic

carcinoma. A patient with an unresectable lung cancer and endobronchial tumor producing central airway

obstruction may receive rapid and satisfying palliation by laser or core-out of the endobronchial disease.

However, this requires patent distal airways and is not feasible when a tumor also produces obstruction at the
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Table 40-2 Etiology of Obstructive Airway Lesions

Malignant Benign

Primary airway tumor Postintubation

Squamous cell Cuff stenosis

Adenoid cystic Stomal stenosis

Carcinoid Idiopathic

Mucoepidermoid Anastomotic

Miscellaneous Lung transplantation

Lung cancer Sleeve resection/bronchoplasty

Endobronchial tumor Inflammatory

Extrinsic compression Tuberculosis

Thyroid cancer Histoplasmosis

Head and neck cancer Wegener’s granulomatosis

Esophageal cancer Bacterial or fungal tracheitis

Airway obstruction Trauma

Tracheoesophageal fistula Tracheobronchial malacia

Metastases Vascular compression

Renal cell carcinoma Postpneumonectomy syndrome

Breast cancer Aortic aneurysm

Colon cancer Pulmonary artery dilatation

Miscellaneous

Tracheopathia osteoplastica

Tracheobronchomegaly

Relapsing polychondritis

Compression by esophageal stent
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lobar and/or segmental levels. Proximal endobronchial tumor without distal lobar obstruction is the situation

most amenable to airway palliation (Table 40-3). In these cases, airway stenting may prolong the period of

palliation achieved by mechanical or laser reestablishment of the airway (Figure 40-2, [Color Plate 10]). In

this setting, stenting may be reserved to palliate rapidly recurrent areas of an endobronchial tumor.

Patients with locally advanced lung cancer may also exhibit significant extrinsic compression of the

airway, with or without concomitant endoluminal tumor. These patients may require urgent stenting to

stabilize the airway while the primary tumor and bulky mediastinal lymph nodes are treated with systemic

therapy or radiation. However, many times, these patients have already undergone definitive treatment and

have recurrent or persistent airway compromise with impending suffocation. In these patients, airway

stenting is the only treatment for the extrinsic airway compression, and can produce a gratifying improve-

ment in quality of life and avoidance of death from airway obstruction (Figure 40-3 [Color Plate 10]).

Primary airway tumors such as squamous cell carcinoma, adenoid cystic carcinoma, and carci-

noid tumors are most commonly treated with definitive surgical resection unless the length or extent

of tumor involvement precludes operability. Radiation, with or without chemotherapy, is the usual

second-line therapy for patients who are not candidates for surgical resection. However, patients with

endobronchial obstruction are candidates for stent placement, both for stabilization of the airway dur-

ing treatment, or for persistent airway stenosis after definitive therapy.

Adjacent primary tumors may produce airway obstruction by direct airway invasion or extrinsic com-

pression (Figures 40-4A, 40-5, [Figures 40-4B and 40-5C through E, see Color Plates 10, 11]). Esophageal

cancer, head and neck malignancies, and thyroid cancer may all result in tracheal obstruction that can be pal-

liated by stent placement. Esophageal cancer may also result in a malignant tracheoesophageal fistula. These

patients commonly have a short life expectancy, but the contamination of the airway by salivary and gastric

contents may be minimized by a covered esophageal stent or covered tracheal stent, or both. Expandable

endoesophageal stents have produced a marked improvement in the palliation of patients with malignant

esophageal obstruction. However, when these stents are placed in the upper esophagus, they may result in a

secondary extrinsic compression of the trachea or mainstem bronchi. If the esophageal stent cannot be

removed, then the airway can be palliated with a second stent in the airway to maintain airway patency.

Several primary tumors are known to metastasize occasionally to the airway or to the paratracheal or

subcarinal lymph nodes with secondary airway involvement (Figures 40-6 [Color Plate 11], 40-7) The most

common of these is renal cell carcinoma, followed by breast cancer and colon cancer metastases. If these

lesions are isolated to the central airways, with patent lobar and segmental orifices, then these patients are

also candidates for laser and/or endobronchial core-out as previously described for central lung cancer. In

these cases, extrinsic compression or rapid recurrence of endobronchial tumor is a strong indication for

endobronchial stenting.

The most common etiology of benign tracheal stenosis is a postintubation injury resulting in either

a cuff stenosis or a stomal stenosis. The vast majority of these patients are best treated by a tracheal sleeve

resection as a definitive therapy with reliable results.3 Even patients with a high surgical risk because of

medical comorbidities are usually best treated by definitive surgical correction rather than by broncho-

scopic palliation or stenting, for several reasons. First of all, few benign stenoses are permanently correct-

ed by dilatation, laser resection, or stenting. Second, tracheal resection and reconstruction is usually only a

Table 40-3 Anatomic Criteria for Airway Stenting

Distal to cricoid

Proximal to lobar orifice

Patent lobar/segmental orifices 



neck operation, with a relatively trivial physiologic insult that is well tolerated by most patients. Third,

patients with significant co-morbidities may not tolerate the often-repeated interventions that are neces-

sary with palliative techniques, including stenting. However, some patients may refuse surgery and others

may have a very long segment stenosis that is not amenable for surgical reconstruction. Other patients may

benefit from temporary endoluminal stenting while maximizing conditions for a planned surgical correc-

tion. Rarely, patients with an early postintubation stenosis may remodel the airway over an indwelling tra-

cheal stent that can ultimately be removed with a narrowed but adequate and stable airway.

Patients with traumatic airway disruption are not candidates for early stent placement and should

have their tracheobronchial laceration corrected surgically. Likewise, patients with a benign stricture from

trauma are best corrected with resection and primary reconstruction, as for patients with postintubation

stenosis. However, these patients may also be candidates for stenting if the stricture is uncorrectable or if a

stent is being used as temporary palliation in preparation for surgery.
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FIGURE 40-4 A, Tracheal compression
from recurrent metastatic sarcoma
producing marked tracheal compres-
sion and critical airway stenosis.

A B

FIGURE 40-5 A, Computed tomography (CT) scan showing a right mainstem bronchial tumor and compression from a metastatic sarcoma. B, CT
scan showing a clear bronchus intermedius, confirming a patent distal airway favoring successful stenting.
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FIGURE 40-7 A, Metastatic renal cell carcinoma to subcarinal lymph nodes with both endoluminal and extrinsic obstruc-
tion of the right lung. B, Mechanical core-out of tumor with the tip of the rigid bronchoscope. C, Further débridement of
the endoluminal tumor with biopsy forceps. D, Hemostasis and vaporization of the tumor bed with an Nd:YAG laser.
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FIGURE 40-7 (CONTINUED) E, Residual extrinsic compres-
sion of the bronchus intermedius after resection of the endo-
luminal tumor. F, Silicone stent with flanges seated in the
bronchus intermedius. G, Separate silicone stent with exter-
nal studs seated in the mainstem bronchus. Note the medial
intussusception and lateral separation to allow ventilation of
the right upper lobe. This can be augmented by cutting the
distal portion of the right mainstem stent at an angle to pre-
vent obstruction of the right upper lobe orifice.
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Idiopathic tracheal stenosis most commonly involves the very proximal trachea, often extending into

the subglottic larynx. These patients may be palliated with periodic dilatation or definitively corrected with

tracheal resection or reconstruction. Because of the anatomic location of these stenoses, idiopathic tracheal

stenosis is generally not a good indication for airway stenting. This is because of the significant difficulty

in seating a stent proximal to the cricoid into the subglottic larynx, as well as a significant risk of produc-

ing subglottic granulations that may actually extend and further complicate the original stenosis. If these

patients do require airway stenting, then this is probably best accomplished using external stabilization

with a tracheal T tube, as discussed in Chapter 39, “Tracheal T Tubes.”

Anastomotic stenosis after lung transplantation, sleeve resections, and bronchoplastic procedures

now provide a common indication for endobronchial stenting. Anastomotic complications occur in 4 to

15% of lung transplant anastomoses.25 Anastomotic stenoses occur due to technical complications, dehis-

cence with subsequent granulation and cicatricial scarring, and ischemia. Ischemia can also occur distal to

the anastomosis and can cause ischemic stricture of the bronchus intermedius after right lung transplan-

tation. Other patients may develop secondary bronchomalacia due to ischemia, airway distortion, or

steroids. Most of these patients are not candidates for direct surgical reconstruction or anastomotic revi-

sion and so provide a good indication for endobronchial stenting.

Anastomotic stricture after tracheal resection or bronchial sleeve resection is uncommon, occurring

in approximately 5% of primary airway resections.3,26 Many of these patients may be candidates for re-

operative surgical resection and reconstruction, but most of these patients benefit from a period of airway

stenting to allow maturing of the fibrous scar to facilitate reoperative surgery.27 Many of these patients may

no longer be surgical candidates for a variety of reasons, and provide further indications for prolonged

endobronchial stenting.

Inflammatory or infectious conditions producing benign airway stenosis are infrequently appro-

priate for definitive surgical correction. The exceptions are the occasional patient with a short segment

residual tracheal or bronchial stenosis after tuberculosis or a fungal or bacterial tracheitis, or from

Wegener’s granulomatosis in remission. The majority of these lesions, however, are best treated by dila-

tion and endobronchial stenting, due to the extent of disease and the natural history of the underlying

etiology. This is also true of a variety of miscellaneous causes of airway obstruction such as a relapsing

polychondritis and tracheobronchomegaly.

Vascular compression of an adjacent airway may occur in the setting of post-pneumonectomy syn-

drome, aortic aneurysm, or marked pulmonary artery dilatation. In each of these cases, every attempt

should be made to correct the underlying problem rather than using an airway stent simply to palliate the

secondary consequences of an airway compression. Many would consider vascular compression of the air-

way to be a relative contraindication to stenting due to the concern of stent erosion and a fatal bron-

chovascular fistula.

Finally, tracheobronchial malacia may result in functional airway obstruction in the absence of a fixed

stenosis. Patients may have true loss of cartilaginous support or a functional malacia, with anterior–

posterior collapse in patients with severe chronic obstructive pulmonary disease. This provides another

indication for stenting, which may result in excellent palliation, although these patients have a difficult

problem with stent seating due to the lack of a malignant or benign stricture.

In general, patients are candidates for endobronchial stenting when they have malignant or benign

obstruction that is not amenable to definitive surgical correction (Table 40-4). Temporary stenting may also

be useful to stabilize the airway during initiation or preparation for definitive therapy. It is important that

the ability to place an airway stent does not become its primary indication. A large number of patients are

best treated by definitive surgery, and many other patients benefit from other endobronchial therapeutics

that provide reliable results without the disadvantages of an indwelling prosthesis.1 



Clinical Presentation

Besides the symptoms of their primary disease, patients with significant large airway obstruction are likely to

present with dyspnea, wheezing or stridor, cough, and hemoptysis. Patients may also have postobstructive pneu-

monia or recurrent infections. Not infrequently, stridor may be misinterpreted as bronchospastic disease and

patients may be treated with increasing doses of bronchodilators and steroids before the diagnosis of central air-

way stenosis or tumor is considered. Patients with critical but compensated airway stenosis may present in

extremis from a relatively minor exacerbation of their stenosis, due to infection, secretions, or mucosal edema.

Patients with known malignancies may attribute their symptoms to progression of their tumor. However,

increasing dyspnea or stridor may actually be caused by endobronchial tumor or extrinsic airway compression,

and should be considered when symptoms dictate.

A physical examination often reveals upper airway stridor or decreased breath sounds over the lung

fields. Coarse rhonchi may be present due to difficulty in clearance of secretions. Absence of breath sounds

and consolidation may be present in areas of more distal obstruction with pneumonia or mucous impaction.

Chest radiographs are useful if they show a tracheobronchial mass or distortion of the tracheobronchial

air column. They may also show pneumonia, consolidation, or provide evidence of a lung or other primary

malignancy. A high kilovoltage anterior–posterior chest x-ray and linear tomograms often provide the best

definition of the longitudinal extent of airway involvement. However, in most facilities, a neck and chest com-

puted tomography (CT) scan is more readily available. With today’s generation of CT scanners, a fine-cut CT

through the airway, with or without three dimensional (3-D) reconstruction or coronal or sagittal views, pro-

vides excellent detail of airway anatomy. For benign lesions, this helps predict the location and extent of steno-

sis prior to endoscopy. For malignant lesions, this helps to identify the 3-D extent of tumor for planning the

potential therapeutic options and anticipating their potential hazards and chances for success.

Pulmonary function testing and flow volume loops may occasionally be helpful, but the sensitivity is

low in the absence of significant tracheal obstruction.24 Pulmonary function tests provide little help in assess-

ing symptomatic airway obstruction as long as the diagnosis has been considered. The primary benefit may

be in providing an objective measure of improved airflow after tracheal bronchial stenting. Independent of

pulmonary function values or flow volume loops, the patient with symptoms of upper airway obstruction

should undergo bronchoscopic evaluation.

Bronchoscopic Evaluation

Bronchoscopy is essential in the evaluation of the patient with central airway obstruction who may be a

candidate for airway stenting. Bronchoscopy is also useful for delivery and adjustment of an endoluminal

stent and is preferred for refining the accuracy of stent delivery by a majority of pulmonary physicians and

thoracic surgeons. Although stents may also be placed under fluoroscopic guidance without bronchoscopy,

initial evaluation of the airway by bronchoscopy is critical to assess the nature of the obstructing lesion and

the appropriateness for airway stenting. Bronchoscopy should be performed on any patient with symptoms
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Table 40-4 Criteria for Airway Stenting

Surgically Correctable Lesions Surgically Uncorrectable Lesions

Patient refuses surgery Extrinsic compression

Short life-expectancy Recurrent stricture (after dilation)

Planned delay of surgical intervention Recurrent endoluminal tumor

High surgical risk Stabilization during chemoradiation

Trial of airway remodelling Malacia
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of central airway obstruction combined with a history of prolonged mechanical ventilation or tracheo-

stomy. Other patients with a history or findings suggestive of a potential tracheobronchial stenosis should

also prompt bronchoscopic inspection, since imaging studies are not yet sensitive or specific enough to

replace direct visualization of the airways.

Bronchoscopy performs five critical functions in the evaluation and treatment of patients with

symptomatic central airway obstruction: 1) definition of the existence and pathology of the airway abnor-

mality; 2) temporary stabilization of the critically narrowed airway; 3) definition of the extent, severity,

and complexity of the stenosis; 4) assessment of the treatment modalities that may be successful given the

pathology and anatomy; and 5) direct therapeutic bronchoscopic intervention for temporary or long-

term airway palliation.

When the pathology of a tracheobronchial stricture is unknown, biopsies should be obtained to

establish a diagnosis. Establishment of a stable airway and adequate access for secure ventilation is the top

priority and should take place simultaneously with the initial bronchoscopic assessment. A careful map of

the airway anatomy should be created that defines the extent of the lesion and its relation to the normal

airway anatomy; that is, directly measuring the distance of the stenosis from the vocal cords, cricoid carti-

lage, carina, and if necessary, the length of the mainstem bronchi and bronchus intermedius. The anatomy

should be clearly documented along with the associated findings of granulation tissue, mucosal inflamma-

tion, or loss of cartilaginous support. This assessment should document the length and severity of stenosis

as well as the degree of stenosis due to endoluminal disease versus fibrotic scar or extrinsic compression.

The initial bronchoscopy should also evaluate the remainder of the airway for signs of postobstructive

inspissated secretions, inflammation, or infection.

When the initial bronchoscopic assessment has defined the pathology and anatomy, it is easier to

choose the optimal therapeutic approach. Patients with central T3-4 N0-1 nonsmall cell lung cancer are

usually best treated by an extended surgical resection with a sleeve lobectomy or sleeve pneumonectomy,

as discussed earlier in this text. Patients with benign strictures of the trachea or patients with tracheal

tumors that involve less than half the length of the trachea may usually be definitively treated with prim-

ary tracheal resection and reconstruction. Tumor or granulations can be debulked by mechanical core-out

with the tip of the bronchoscope or biopsy forceps. In some cases, this may be augmented by laser vapor-

ization. Benign or malignant strictures can be dilated with esophageal bougies, with serially sized rigid

bronchoscopes, or with hydrostatic balloon dilatation. Patients with significant extrinsic compression or

malacia, however, do not have other directly applicable strategies other than airway stenting. Stenting also

provides an adjunct to débridement of an intraluminal lesion if the initial therapy fails or has the appear-

ance of likely early failure (see Figure 40-7). Similarly, stenting provides a useful adjunct to the dilation of

a benign stricture to maintain patency, with less need for repeated dilations.

The endoscopic techniques for airway palliation are not mutually exclusive. Each of these modali-

ties, including definitive surgical correction, should be available and considered by the physician evaluat-

ing a patient with symptomatic central airway obstruction. The treatment can then be tailored to fit the

pathology and anatomy, with treatments combined to achieve the optimal patient outcome.1 An algo-

rithm for the application of therapeutic bronchoscopy to central airway obstruction, including stenting,

is provided in Figure 40-8.

Many authors have come to favor either flexible bronchoscopy or rigid bronchoscopy for their thera-

peutic interventions. A number of pulmonary physicians and thoracic surgeons alike have abandoned rigid

bronchoscopy in favor of the relative ease of flexible bronchoscopy. However, in patients with central airway

obstruction and complex airway anatomy, rigid bronchoscopy provides a spectrum of airway interventions

that are not easily duplicated by flexible bronchoscopy. Although rigid bronchoscopy has the disadvantage of

requiring a general anesthetic, it has the significant advantage of providing ventilation concurrent with air-



way assessment, and allowing the endoscopist to directly secure airway control distal to a critical stenosis.

Rigid bronchoscopy has the advantage of larger instrumentation to facilitate mechanical débridement of

endoluminal tissue and aspiration of secretions and blood.

The availability of rigid bronchoscopy is especially important for airway stenting since rigid broncho-

scopy allows delivery of silicone or expandable stents. This allows the choice of the best stent for the patient

and anatomy rather than a stent chosen because of the inability to deliver a nonexpandable stent. Further-

more, it is much easier to manipulate, adjust, and even remove stents by rigid bronchoscopy. Although

expandable stents are typically considered permanent, most of these can be removed, albeit with significant

difficulty, by rigid bronchoscopy, even after the development of tissue ingrowth. Flexible bronchoscopy pro-

vides little ability to adjust expandable stents once they have become firmly seated within the airway.

Flexible bronchoscopy has the advantage of allowing excellent airway assessment in an endoscopy

suite without general anesthesia. Flexible bronchoscopy also allows an easier assessment of the lobar and seg-

mental orifices than rigid bronchoscopy does. The increasingly sophisticated instrumentation available for

the flexible bronchoscope allows dilation of strictures, retrieval of foreign bodies, and manipulation of air-

way prostheses. However, this is a far more limited repertoire than that available to the endoscopist skilled

in rigid bronchoscopy. Flexible bronchoscopy has the added disadvantage of exacerbating the obstruction by

the diameter of the bronchoscope, although this may be minimized by use of pediatric bronchoscopes. This

may not allow distal airway evaluation in critical tracheal stenosis until after dilatation.
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The complete interventional bronchoscopist should be skilled and adept in both rigid and flexible

bronchoscopies. The bronchoscopist should have a broad spectrum of instrumentation and a team that is

familiar and comfortable with both approaches to the airway. Although the skills and procedures for thera-

peutic bronchoscopy are not particularly difficult, application of these skills is challenging in the patient with

a severely compromised airway, even for physicians with significant experience in airway therapeutics.

Because of this, maintenance of skill in rigid bronchoscopy is critical so that this expertise can be readily avail-

able when a patient presents with a complicated and threatened airway.

Choice of Stent

Neither silicone nor the available metal stents conform to all the ideal characteristics for an endobronchial

stent. Although each has its advocates, both of these general types of stents have advantages and disadvan-

tages that should be considered when choosing the best stent for the individual patient (Table 40-5). There

is no one stent that ideally fits all circumstances, and the full variety of silicone and expandable stents

should be considered to maximize positive outcomes. Each category of stent now has significant clinical

experience on which to base expectations of outcomes.

The primary advantage of the silicone stent is that it can be repositioned as many times as needed

and removed easily. The molded silicone rubber has very little tissue reactivity, with minimal granulations.

Because it is a solid stent, there is no tumor ingrowth or granulations, although each may occur at the ends

of the stent. Silicone stents are inexpensive and can be easily modified by cutting a portion of the stent to

allow customization to the applicable airway anatomy. Finally, silicone stents have a defined diameter that

prevents uncontrolled expansion.

There are three major criticisms of silicone stents that prevent their universal application. The most com-

mon criticism, and the least important, is the need for rigid bronchoscopy and general anesthesia with more

difficult initial delivery than the expandable stents. This consideration alone should not prevent their use in the

appropriate clinical setting. A legitimate criticism of silicone stents is the reduced inner diameter due to the

thicker wall necessary to provide adequate rigidity. This, combined with a loss of mucociliary clearance, may

lead to inspissated secretions within the stent, interfering with its function. Another criticism of silicone stents

is their potential for dislodgment or distortion. Because of the rigid nature of these stents, if they are inappro-

priately sized or not well seated within an area of stenosis, they may migrate, producing the complication of

distal or lobar segmental obstruction or proximal airway obstruction.

Expandable metal stents overcome some of the disadvantages of the silicone stents. Perhaps the most

profound, but least important, characteristic is the ease of delivery of expandable stents, using flexible

bronchoscopy with fluoroscopy under topical anesthesia. Once seated, these stents are extremely stable with

Table 40-5 Relative Advantages and Disadvantages of Silicone versus Expandable Metal Stents

Silicone Metal

Advantages Disadvantages Advantages Disadvantages

Adjustable Rigid bronchoscopy Flexible bronchoscopy Permanent

Removable Difficult placement Easy delivery Difficult adjustment

No ingrowth Dislodgement Stable placement Needs fluoroscopy

Unreactive Decreased inner diameter Conformation Granulations

Controlled Distortion Epithelialization Tumor ingrowth

expansion Ventilation through Erosion 

Inexpensive interstices Expensive



minimal complications of stent migration. The second-generation stents (Wallstent and Ultraflex stent)

also conform well to distortions or curves within the airway anatomy. Uncovered stents have the theoreti-

cal benefit of neoepithelialization with incorporation of the stent into the airway wall and resumption of

mucociliary clearance. These stents may also allow ventilation through the interstices in cases where a lobar

or segmental orifice is partially covered. Obviously, these characteristics of neoepithelialization and venti-

lation through the stent are lost in expandable stents that are coated with silicone rubber or polyurethane.

Unfortunately, the disadvantages of the expandable stents are significant. The most serious disad-

vantage is that these stents are permanent and, once seated, are nearly impossible to reposition or remove.

This may be especially troubling when tumor ingrowth or granulation tissue produces recurrent obstruc-

tion inside the stent, requiring repeated débridement or a repeat stenting within the preexisting stent 

(Figure 40-9 [Color Plate 11]). Both the silicone-coated Wallstent and Ultraflex stent cause much less dif-

ficulty with tumor and granulation ingrowth. These stents are also easier to remove if necessary, due to

their lack of incorporation within the airway wall. However, both of these prostheses still employ bare metal

portions at each end of the stent to allow stable seating. These areas still limit the ability to remove the stent

and can be complicated by growth of tissue through the interstices.

The significant radial force exerted by expandable stents creates the potential for erosion into surround-

ing structures with possible life-threatening bronchovascular fistula. Series reporting the use of the Gianturco

stent have shown a significant incidence of strut fracture with occasional fatal vascular erosion.28 Finally,

expandable stents are markedly more expensive than silicone stents, but this device expense may be offset by

the costs of the operating room and anesthesia for delivery of silicone stents.

For patients with advanced malignancy and airway obstruction, both silicone stents and covered

expandable stents may offer reliable palliation. In this setting, the optimum choice of stent may be deter-

mined by the anatomy of the lesion and the experience and preference of the pulmonary physician or tho-

racic surgeon. It is in patients with benign disease where more debate exists. Some have pointed to the sim-

ilar rate of complications reported for both silicone stents and expandable stents as a rationale to support

the use of expandable stents in benign disease.28 However, others feel that the severity and irreversibility of

the complications from expandable stents are a strong relative contraindication to their use in benign dis-

ease.1,29,30 The permanence of the expandable stents, the inability to reposition them, the possibility of exten-

sion of airway injury by stent-related granulations, and concern about potential erosion of a long-standing

stent, all discourage consideration of these stents for benign disease. However, there are some settings where

the anatomy or position of the lesion may make adequate stenting with silicone stents impossible, and

expandable stents may provide the only remedy. Patients with malacia may require an expandable stent due

to the difficulty in seating a silastic stent in the absence of a fixed stenosis. However, in this setting, other

techniques for stent fixation, such as placement of a carinal Y stent or a tracheal T tube, may still provide a

better alternative than an expandable stent in these benign conditions.

Stent Placement

Anesthesia

Patients undergoing flexible bronchoscopy can routinely be managed with topical anesthesia, with or with-

out intravenous sedation. However, even when planning flexible bronchoscopy, careful consideration

should be made regarding the degree of airway compromise, and the potential benefit of the equipment

and anesthesia back-up available in the operating room. Extreme caution should be exercised in initiating

endoscopy with minimal support in the endoscopy unit, when one is evaluating a patient with potentially

critical central airway obstruction. In this setting, flexible bronchoscopy with the immediate availability of

general anesthesia and rigid bronchoscopy provides the safest options for establishment of airway control.
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Patients undergoing rigid bronchoscopy require a general anesthetic. Careful preoperative planning

and intraoperative communication between the surgeon and anesthesiologist is essential for safe manage-

ment of the airway. The endoscopist should be present at the bedside for the entire induction sequence, and

prepared for emergency airway control with a rigid bronchoscope. The safest anesthetic induction main-

tains spontaneous ventilation using a combination of inhaled or short-acting intravenous agents until a

secure airway can be established.31 Once the obstruction has been assessed and airway control achieved

with a ventilating rigid bronchoscope, then muscle paralysis can be added if necessary.

The vast majority of patients can be managed with routine ventilation through the ventilating side

limb of a rigid bronchoscope. Occasional catheter jet ventilation can also be used but this generally adds

unnecessary complexity without added benefit over standard ventilation techniques. Jet ventilation distal

to a fixed obstruction is relatively contraindicated since it may lead to distal barotrauma. In order to facil-

itate adequate ventilation in some cases, the endoscopist may need to negotiate the stenosis and direct the

ventilating bronchoscope into a mainstem bronchus. This is facilitated by the immediate availability of a

smaller rigid bronchoscope that can traverse the stenosis. With a closed telescope-guided system, it is pos-

sible to maintain ventilation even during delivery and positioning of the endoluminal stent. Temporary ces-

sation of ventilation, however, may be useful to minimize aerosolization of blood or secretions that may

obscure the endoscopic field. An experienced and dedicated team of nurses and anesthesiologists familiar

with the problems and equipment used for endoscopic airway management greatly facilitates these proce-

dures, particularly during the critical moments of airway control or stent deployment.

Bronchoscopic Equipment and Preparation for Stenting

Although flexible bronchoscopic assessment can be performed even with small pediatric bronchoscopes, ther-

apeutic intervention usually requires an adult bronchoscope with a large working channel (2.8 to 3.2 mm). This

is necessary to allow adequate suction and delivery of therapeutic instrumentation such as laser catheters, bal-

loon dilators, and some of the smaller stent delivery devices. For expandable stents to be placed under fluoro-

scopic guidance, the initial steps of bronchoscopy serve to define the proximal and distal extent of the stenosis

and these can be marked with external radiopaque markers. Laser resection of endoluminal tumor or balloon

dilation of a stricture prepares the airway for maximal stent deployment.

Rigid bronchoscopy serves the dual function of preparation of the airway for stent delivery as well as

direct stent deployment. Endobronchial tumor can be cored out with the tip of the rigid bronchoscope and

extrinsic compression or stenosis can be dilated with either rigid bronchoscopes or esophageal bougies.1

For airway dilation, Jackson bronchoscopes (Pilling-Weck, Research Triangle, NC) have the advantage of

blunt and rounded tips, making it easier to dilate the airway with less risk of perforation or mucosal lacer-

ation. These bronchoscopes come in a variety of sizes (3.5, 4, 5, 6, 7, 8, and 9 mm) and serial dilatation can

establish an adequate airway lumen while maintaining ventilation through the bronchoscope. If the lesion

is too narrow to accept the 3.5 mm Jackson bronchoscope, then esophageal bougies (“Jackson” flexible, Karl

Storz Endoscopy America, Culver City, CA) can be used to enlarge the airway enough to allow broncho-

scopic dilatation. Hydrostatic balloon dilatation can also be performed through the rigid bronchoscope to

produce an even larger diameter airway before stent deployment.

The final stage of bronchoscopic preparation is the assessment of the style and size of stent(s) to be

deployed. At the University of Washington, we prefer silicone stents for the majority of both benign and

malignant lesions, due to the ease of repositioning and removal, and the low rate of serious (permanent)

complications. The length is determined by direct measurement. The diameter is estimated using the diam-

eter of the rigid bronchoscope as a benchmark. The potential need for multiple stents and the degree of

external compression is also assessed. For patients in whom satisfactory stent seating cannot be obtained

by silicone stents, or in whom marked external compression produces distortion of a silicone stent, an



expandable metal stent may provide a better result. The Hood Corporation (Pembroke, MA) has recently

produced silicone stents with greater or lesser rigidity to improve the results when these stents are posi-

tioned in an area of firm external compression.

A variety of techniques have been described for the deployment of stents through the rigid broncho-

scope. Expandable stents have different delivery systems consisting of constrainment within a sheath 

(Wallstent, Ultraflex stent) or expansion over a balloon (Palmaz stent, Strecker stent). The same technique

of fluoroscopic guidance with external skin markers is performed as during flexible bronchoscopy. It is also

possible to simultaneously view the deployment through the magnified view of the bronchoscopic tele-

scope to improve the accuracy of stent delivery. One can then revise the position of the proximal and 

distal ends of the stent endoscopically, and the Wallstent or Ultraflex stent can be more completely expand-

ed and seated by dilatation with an appropriately sized intraluminal angioplasty balloon.

Silicone stents are more difficult to deploy and four strategies have been described for the accu-

rate placement of these stents by rigid bronchoscopy. One technique places the stent on the outside of

an appropriately sized rigid bronchoscope with an endotracheal tube inserted as a sheath over the prox-

imal portion of the bronchoscope. The patient is then intubated with the rigid bronchoscope and the

overlying stent and “pusher tube.” This “pusher tube” or sheath prevents the stent from riding up on the

bronchoscope as it is inserted. After the tip of the bronchoscope is placed through the stenosis, the

bronchoscope is gradually rotated and withdrawn, but with the external sheath held in place, thus push-

ing the stent off the tip of the bronchoscope at the desired location. Grasping forceps can then be used

to modify and adjust the final stent position.15 The problems associated with this technique are due to

the bulk of the bronchoscope–stent–pusher tube apparatus, both in passing through the vocal cords

and in passing through the area of stenosis.

The second technique, popularized by Dumon, uses a specialized stent delivery system, the Dumon-

Harrell Universal bronchoscope (EFER, La Ciotat, France, and Bryan Corporation, Woburn, MA).16 This

system features changeable tubes of various sizes that can be used to calibrate and dilate the stenosis. Since

these tubes telescope over each other, they can also be used as introducers for prostheses of all sizes. Once

the stenosis has been dilated and a stent chosen, the stent is collapsed into the distal end of the delivery

tube, which is passed through the bronchoscope to the site of stenosis. A plunger system is then used for

pushing the stent out of the introducer. Again, the fine-tuning of stent positioning is performed with grasp-

ing forceps under direct visualization.

The third technique delivers the endoluminal stent through the lumen of the rigid bronchoscope

without any specialized equipment.1,32 Rigid bronchoscopy is performed using a Storz bronchoscope

(“Shapshay” laser bronchotracheoscope, Karl Storz Endoscopy America, Inc., Culver City, CA). The Storz

bronchoscope has no internal light carrier and a smooth internal lumen, allowing placement of 14 mm or

smaller silicone stents through the lumen of the bronchoscope. This is facilitated by lubricating the stent

with a silicone lubricant. The stent can then be pushed through the rigid bronchoscope with a standard

grasping forceps, and directly positioned. This has the benefit of requiring fewer manipulations, with less

airway trauma and without the need for specialized equipment.

The fourth technique involves direct laryngoscopy to place the stent through the vocal cords into the

proximal airway using grasping forceps. Rigid bronchoscopy is then performed with the bronchoscope, and

graspers used to position the stent into the appropriate position. Although this can be performed with any

size of stent, this technique is most useful for stents larger than 14 mm in diameter or carinal Y stents that

will not fit through the Storz bronchoscope in the technique described above. This technique has the

advantage of allowing larger stents to be placed through the vocal cords with minimal trauma. Since the

stents are flexible, they are easily inserted through the glottis into the proximal airway, with rigid broncho-

scopy then guiding the appropriate placement.
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Carinal Y stents produce a unique set of problems in stent delivery and seating. Cooper and col-

leagues have placed these bifurcation stents over a rigid bronchoscope placed through the left mainstem

limb, with a Fogarty catheter placed through the right mainstem limb and into the right main bronchus

to guide proper placement.15 Acuff and colleagues described placing carinal stents through direct laryn-

goscopy as described above, and have attempted to place the stent all the way to the carina blindly with

a release of the grasping forceps at the carina, allowing delivery into the respective mainstem bronchi.33

A modification of the technique described by Acuff does not require accurate delivery during the ini-

tial placement. Rigid bronchoscopy through the tracheal limb of the Y stent can straighten and seat the

mainstem bronchi into their appropriate locations. Sometimes, it is easiest to invert the shorter right

mainstem limb “inside out” up into the tracheal limb. When the left mainstem limb is seated at the car-

ina, the right mainstem limb can then be pushed out into the right mainstem using the grasping 

forceps or the tip of the telescope.

Careful endoscopic evaluation of the stent position is important prior to completion of the proce-

dure. Care should be taken to prevent obstruction of adjacent orifices. Placement of a cylinder stent in the

distal trachea can potentially result in partial obstruction of a mainstem bronchus. Likewise, a mainstem

bronchial stent extending above the carina may produce partial obstruction to the contralateral mainstem

bronchus. A stent in the bronchus intermedius should avoid coverage of the middle lobe orifice or super-

ior segment orifice distally, or the right upper lobe orifice proximally. The most difficult site for stenting is

the right mainstem bronchus because of its short length. Here, a silicone stent can be modified by cutting

it at an angle with a shorter lateral length than medial length. This then facilitates seating while maintain-

ing patency to the right upper lobe orifice. This also requires attention to proper stent rotation at the time

of positioning.

After expandable stent deployment, minor adjustments of the proximal or distal end can usually be

made with grasping forceps through either the flexible or rigid bronchoscope. Inexact deployment with

partial obstruction of a lobar or segmental orifice, or incomplete coverage of the tumor or stenosis, should

not be accepted. In these cases, the stent should be repositioned endoscopically, or removed and a repeat

placement attempted. This high degree of stent accuracy is necessary in order to achieve optimal palliation

and minimal complications.

In some cases, it may be necessary to place multiple stents to achieve optimal palliation. Bilateral

mainstem bronchial obstruction can be managed with a solitary carinal stent or bilateral bronchial stents

if the stenosis does not extend into the distal trachea (see Figures 40-2, 40-3 [Color Plate 10]). Sometimes,

subcarinal extrinsic compression or endobronchial tumor produces simultaneous obstruction of the right

mainstem bronchus and bronchus intermedius but a patent right upper lobe orifice. Some have described

placement of an expandable stent over the upper lobe orifice, allowing ventilation through the interstices

of the stent.28 However, two separate stents can be placed, even with solid silicone stents, to provide good

airway palliation, as well as maintain unobstructed ventilation of the right upper lobe (see Figure 40-7). If

the stent for the right mainstem bronchus is modified by cutting the distal end at an angle as described

above, then the medial edge of the bronchus intermedius stent and right mainstem stent may intussuscept

while providing a completely unobstructed orifice laterally into the right upper lobe.

The final endoscopic assessment should provide an estimate of the adequacy of airway palliation, the

stability of the stent, and anticipate potential complications. Careful documentation of these factors facili-

tates the evaluation of outcomes and prepares the patient and endoscopist for the expectation of potential

complications. The expandable stent should be firmly seated in nearly the full circumference of the airway

wall in order to maximize the diameter and minimize complications of migration, granulations, and secre-

tion retention. Silicone stents should be firmly seated in order to avoid dislodgment. However, a stent that

is too big for the stenosis may buckle and result in partial airway obstruction by the stent itself. Granula-



tion tissue can develop at the proximal or distal end of stents, particularly in the bare metal portion of the

coated expandable stents. This should be considered in the final stent position, if possible keeping these

areas away from lobar and segmental orifices where granulation tissue may lead to recurrent obstruction.

Management after Stent Placement

Many authors recommend routine saline nebulization treatments starting immediately after stent placement

in an effort to avoid any encrustations within the stent.17,34,35 Other authors have recommended routine neb-

ulized Mucomyst twice a day for the same reasons.15 Some endoscopists routinely employ prophylactic

antibiotic prophylaxis, and some employ inhaled or systemic steroids.36,37 

There are no studies that have elucidated any post-stent medical interventions for minimizing stent

complications. Stent obstruction with encrusted secretions is a potential complication, particularly in

silicone stents. At the University of Washington, we have not routinely recommended any of these post-

stent measures since most patients will have an uncomplicated course without the added inconvenience

of a home nebulizer or Mucomyst treatments. It is advisable to have the patient stay well hydrated, in an

effort to minimize the thickness of the secretions. Postobstructive infection should be treated with

appropriately tailored antibiotics, with no need for routine antibiotic therapy due to the stent placement

itself. Mucomyst and nebulizer treatments can be reserved for those patients who develop stent obstruc-

tion from inspissated secretions. There is no known use of post-stent steroids except for the potential

treatment of glottic edema secondary to trauma during stent placement.

A variety of authors have recommended routine follow-up bronchoscopy in order to evaluate stent

patency.15,37 However, clinical symptoms provide the primary indication for follow-up bronchoscopy. Obvi-

ously, urgent bronchoscopy is indicated in the setting of acute respiratory decompensation, but it is also

indicated if there is an unexplained worsening in the patient’s respiratory status, or even an unanticipated

lack of significant symptomatic improvement. These points are true at any time after stent placement, rang-

ing from immediate post-placement in the post-anesthesia care unit, or years after stent placement after a

prolonged period of palliation and stability. The purpose of endoscopy is to assure correct positioning and

patency of the stent, evaluate possible extension of disease that may be amenable to further treatment or

stent revision, or débride obstructing tumor or granulations within or at the ends of the stent. In the absence

of stent abnormalities, other etiologies can be pursued for the progression of the patient’s respiratory com-

plaints, but stent malposition or obstruction should be definitively excluded by endoscopy in any patient

with an indwelling stent and new respiratory complaints.

Stents that have become obstructed with inspissated secretions can usually be adequately cleaned in

vivo with either the rigid or flexible bronchoscope. This may require physically débriding the hardened

secretions and irrigating the thickened secretions. With silicone stents, it is also easy to remove these tem-

porarily, cleaning them in a basin of hydrogen peroxide and rinsing with saline and simply reinserting the

same stent. This usually takes a few minutes and is very easily accomplished once the stent position has

been established by the original placement.

Granulations or progressive tumor may infiltrate through the interstices of a metal expandable stent

or at the bare metal ends of a coated expandable stent. Both tumor and granulation tissue can be débrided

mechanically and this can be easily augmented by a Nd:YAG laser. In some cases, this may be managed by

placement of an additional stent within the original stent.38

Granulations obstructing the end of a silicone stent are uncommon and can also be débrided

mechanically and with a laser. However, with silicone stents, the most likely etiology of proximal or distal

granulations is uneven seating within the airway, with one lip of the stent excessively embedded within the

bronchial mucosa. Therefore, a stent revision with a slightly different position, diameter, or length of Silastic

stent may prevent recurrence of this problem.
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Occasional surveillance bronchoscopy may be useful. In cases where stent seating is less secure, a 

follow-up endoscopy can confirm appropriate positioning or provide the opportunity for early stent revi-

sion. In some cases, the degree of airway inflammation, endobronchial tumor, or obstructive pneumonia

may make it difficult to assess the distal airways. Here, follow-up bronchoscopy after airway palliation can

provide a better definition of the distal anatomy. Finally, routine follow-up bronchoscopy may be indicat-

ed after radiation therapy or systemic treatment where there is an intrathoracic malignancy producing air-

way obstruction. Post-treatment bronchoscopy may reveal adequate tumor response to allow stent

removal. We favor prompt removal of any stent that is no longer needed, to avoid airway inflammation,

potential complications, and the need for long-term stent maintenance.

Results and Complications

As with many other procedures, good results are largely dependent on proper patient selection. Overall, sat-

isfactory or excellent results can be achieved in 90 to 96% of patients undergoing therapeutic bronchoscopy

including stenting.1,35 All results usually depend more on the site and distal extent of tumor infiltration

rather than the histology, or the style of stent chosen. More distal lesions that extend into lobar and/or seg-

mental orifices are much less likely to achieve successful palliation than focal tracheal, mainstem bronchial,

or bronchus intermedius obstruction. Although short-term outcomes after airway stenting are mostly

dependent upon patient selection and proper preparation of the airway, long-term outcomes are more

dependent upon the underlying pathology and the type of stent employed.

Dumon and Hood Stents

The major disadvantages of silicone stents include stent migration and obstruction of the stent with inspis-

sated secretions. Although granuloma formation is more common after metal stent placement, it can also

occur after placement of silicone stents. Diaz-Jimenez and colleagues reported 11% stent migration and 10%

granuloma formation in their series of 125 silicone stent placements.39 In the University of Washington’s

experience of 181 stent placements, there was a 5% rate of stent migration and a 4% rate of stent obstruc-

tion with inspissated secretions or granuloma. Cavaliere and colleagues analyzed 393 silicone stent place-

ments in 306 patients with malignant airway obstruction and reported a migration rate of 5% and granu-

loma formation rate of 1%.35 Dumon and colleagues reported the largest experience with silicone stents,

collected from several European centers.40 In this series, a total of 1,574 stents were placed in 1,058 patients,

two-thirds for malignant airway obstruction. Overall, stent migration occurred in 9.5%, granulation for-

mation in 8%, and stent obstruction by secretions in 4%.

The University of Washington experience confirms the palliative nature of silicone stent place-

ment, with 39% of patients requiring repeat procedures for stent revision or clearance of obstructing

secretions. However, because of the lack of incorporation of silicone stents into the airway wall, these

complications are fairly minor and easily managed by endoscopy and stent revision or stent débride-

ment. Overall palliation of central airway obstruction has been accomplished in 318 of 325 patients

(97.8%) at the University of Washington, with no operative or procedure-related mortality, and no

known subsequent mortality related to a stent complication. Similar results were achieved in the series

by Cavaliere and colleagues, with 93% of patients achieving good or excellent palliation.35 Other groups

have reported 85 to 95% successful airway palliation, but these results are often poorly tabulated with

different criteria for determining outcomes, making direct comparison between stents and studies diffi-

cult.34,37 Overall, it appears that in properly selected patients, good results can be achieved in over 90%

of patients receiving silicone stents, with 10 to 40% of patients requiring further endoscopies or stent

revision. However, these complications are relatively minor, with only 1 apparent stent-related death

reported in the literature.37



Gianturco Stent

The Gianturco stent has historically been one of the most commonly used stents, primarily because it is one of

the earliest metal stents developed and used in the airway. Carrasco and colleagues described their experience

with 36 patients receiving 64 Gianturco stents, predominantly for malignant disease.41 In this series, 78% of

patients had improvement in their symptoms. Other authors have reported similar rates of airway palliation in

several small series.36,42,43 Complications have frequently been reported after a Gianturco stent placement.

Nashef and colleagues reported severe granuloma formation in patients receiving Gianturco stents for fibro-

inflammatory stenosis.43 Fracture of the stent has been reported in several series.28,41,44 Metal stent fracture is a

serious complication after Gianturco placement because of the potential for airway perforation. This has the

possibility of being a fatal complication because of the overlying great vessels and the potential of tracheo-

bronchial–vascular fistula.45,46 In the series by Rousseau and colleagues and Nashef and colleagues, stent 

disruption or migration occurred in 22 to 32% of patients, with a 5% stent-related mortality.36,43

Because of the significant complications reported with this first-generation expandable metal

stent, Gianturco stents are no longer routinely recommended for either benign or malignant tracheo-

bronchial obstructions.

Palmaz Stent

The balloon-expanded Palmaz stainless steel stent exhibits plastic rather than elastic behavior, preventing

further expansion after stent deformation. Palmaz stents have been predominantly used in the pediatric

patients because of the presence of small sized stents. Successful airway palliation has been achieved in 85

to 95% of patients with both benign and malignant diseases.47,48 However, obstructing granulations have

been reported in 5 of 8 patients receiving Palmaz stents for tracheo- or bronchomalacia.49 This same series

noted obstructive granulations in 38% of patients and stent migration in 13% of patients overall. In the

same series, 1 of 16 patients (6%) died after attempted stent removal. Other series have likewise noted a

high percentage of obstructive granulations and stent migration after placement of Palmaz stents.28 Given

these results, the Palmaz stent is not routinely used in the adult population. However, the Palmaz stent con-

tinues to be used in the pediatric population because of the small size availability.

Strecker Stent

Similar to the Palmaz stent, the Strecker stent has plastic rather than elastic properties and is deployed over an

expandable balloon. The advantage of the Strecker stent is that it does not shorten longitudinally during

deployment, providing for ease and accuracy of placement. Hautmann and colleagues reported on the place-

ment of 27 Strecker stents for tracheal or bronchial stenosis in 2000.50 Eighty percent of patients had an imme-

diate clinical improvement in respiratory symptoms, which was confirmed by improvement in objective lung

function. In the overall series, which included patients with nitinol Accuflex stents, 11% had early difficulty

with stent positioning, requiring removal, revision, or replacement. Late stent migration occurred in 12% of

patients, but over half of these cases were due to tumor regression or were clinically insignificant. The major-

ity of stents in this series were placed for advanced malignancy and so a majority of the patients died from

their underlying disease. However, 3 of 65 patients (5%) died shortly after stent placement due to stent com-

plications. Like the Palmaz stents, Strecker stents have had problems with obstructive granulations after place-

ment.4 Overall, the results and indications are similar for both the Palmaz and Strecker stents, neither of which

have a large experience for the management of tracheobronchial obstruction. The Strecker stent has less of a

problem of deformability than the Palmaz stent and may be useful for accurate stenting of short segment

stenoses since it does not foreshorten on deployment. However, the absence of a covering over the metal stent

makes both the Palmaz and Strecker stents poorly suited for malignant lesions since they do not offer protec-

tion against tumor ingrowth.
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Wallstent

The Wallstent has been the most frequently used expandable stent in the United States for tracheobronchial

obstruction. These stents are popular because of their ease of delivery under fluoroscopy. They are self-

expanding, with a moderate radial force and good flexibility. Rousseau and colleagues reported their expe-

rience with 39 Wallstents in the airway in 1993.36 In this series, 89% of patients had an improvement in

their respiratory status immediately after stent placement that was maintained for a mean follow-up of 10

months (range 3 to 27 months). Complications occurred in 6 of 39 patients (15%) with Wallstents, which

all consisted of tumor or granulation ingrowth leading to stent obstruction. These were managed by

repeat stenting or balloon dilation within the stent. Dasgupta and colleagues reported on the placement

of 51 Wallstents in 37 patients, with over half due to malignant obstruction, 30% due to tracheobronchial

malacia, and 15% due to benign tracheal stenosis.38 In these patients, symptomatic improvement was

achieved in 97% and bronchoscopic evidence of airway patency was seen in all patients. Technical 

problems related to inappropriate length of the stent occurred in 5 of 37 patients (14%). On long-term

follow-up, granuloma formation occurred in 16% of patients, and in 1 patient (3%), stent removal was

mandated because of staphylococcal bronchitis.

Tsang and Goldstraw reported their results using the Wallstent in 12 patients with airway obstruction

in 1992.51 All of the patients with benign strictures had subjective and functional improvement after place-

ment of the stent, with no evidence of restenosis within the stented segment in 6 of 7 patients. Symptoms

were relieved in 4 of 5 patients with malignant strictures, but 3 of these patients (60%) required revision

or had recurrent obstruction by tumor ingrowth through the stent. In another report, Tsang and colleagues

recommended against using a metal stent for inflammatory strictures because of the propensity for gran-

ulation ingrowth through the interstices of the stent.52 In this setting, the authors recommended using a

sequential stenting approach, using a silicone stent during the first stage to allow healing of the inflamed

area, followed by replacement with an expandable stent after a mature fibrous scar had been achieved.

Wallstents were used for the treatment of bronchial stenosis following lung transplantation.53

Although good initial results were accomplished in all cases, granulation tissue again complicated stent

management in 37% of patients.

Similar to other metallic stents, the main disadvantage of the Wallstent has been poor stent–tissue

interaction, with significant local reaction and granuloma formation. Because of this, the Wallstent has

recently become available with a coating of silicone rubber to prevent granulation and tumor ingrowth

through the stent interstices (Wallstent with Permalume coating, Boston Scientific, Natick, MA). The

American version of this stent has bare metal ends to improve anchorage of the stent, but these ends may

still allow for tumor or granulation ingrowth in the uncovered areas. For most indications, the covered

stent is preferred, but the stent with covering loses some of the desirable characteristics of an expandable

bare metal stent; that is, reepithelialization and return of mucociliary clearance. Few data exist currently

regarding the results or complications of the coated Wallstents.

Ultraflex Stent

Few studies have been published regarding the use of the Ultraflex stent. In a series placing uncovered Ultra-

flex stents in 6 patients with benign disease, all patients were reported to have good results with no granula-

tion tissue at short-term follow-up.54 Jantz and Silvestri have inserted 49 Ultraflex stents into 34 patients with

both benign and malignant tracheobronchial obstructions.28 At a mean follow-up of nearly 20 months, none

of the 16 patients with benign tracheobronchial disease had suffered complications of granuloma formation

or secretion retention. Stent removal was possible in 1 patient who had recurrent obstruction secondary to

tracheobronchial malacia with recurrent dynamic airway collapse despite Ultraflex stenting.



The only published comparison between the Wallstent and Ultraflex stent has been in the palliative 

treatment of esophageal obstruction. In these patients, the Wallstent was associated with a higher procedure-

related mortality and early complication rate. However, the stent dysfunction and reintervention rate was high-

er for patients receiving the Ultraflex stent.55 In this series, the Wallstent was found to have a greater dynamic

expansive force and the Ultraflex stent was more flexible and easier to reposition or remove after deployment.

Because of its single woven wire construction, the Ultraflex stent, particularly its covered version, is significantly

easier to remove than the Wallstent. Although this provides a potential advantage to use of the Ultraflex stent,

there are no direct comparisons between these stents in the airway. These covered second-generation stents are

now the stents of choice for expandable metal stents in the airway, pending development of a better stent.

Dynamic Stent

The major experience with the Dynamic stent has been reported by Freitag and colleagues in 1997.18 These

authors have treated 135 patients with a bifurcated Dynamic stent, 94 with malignant and 41 with benign

diseases. Stent placement is potentially more complicated with a bifurcated stent, but it was achieved in all

patients without major complications. The authors did not report a quantitative result, but stated that the

stent provided immediate relief of dyspnea in most cases. One patient died during stent placement, but this

was most likely due to the patient’s underlying disease. Five of the 135 patients (4%) died of hemoptysis.

Three of them had terminal lung cancer, but 2 suffered from tracheal compression by the aorta and it is not

clear whether stent erosion may have resulted in an aortotracheal fistula. Three patients developed a uni-

lateral recurrent nerve palsy and 4 patients suffered stent migration after tumor regression from radiation

or systemic therapy. Five patients (4%) had marked formation of granulation tissue at the stent edges,

requiring endoscopic resection. The theoretical advantage of the Dynamic stent is facilitated mucus clear-

ance due to the flexible posterior wall. Problems with secretion retention were minimal in the Freitag series,

although some patients required endoscopic suctioning early after stent placement.

Shiraishi and colleagues have reported using the Dynamic stent for 6 patients with inoperable

esophageal cancer and tracheal invasion or advanced pulmonary or mediastinal malignancy.56 Two of these

patients with esophageal carcinoma presented with a tracheo- or bronchoesophageal fistula. The stent was

effective in minimizing secretions from the tracheoesophageal fistula as well as maintaining a sufficient air-

way in all cases.

Overall, initial results with the Dynamic stent show promise for management of distal tracheal, cari-

nal, or mainstem bronchial obstruction. No direct comparisons have been made between the Dynamic

stent and the bifurcated versions of the Hood or Dumon stents, which are also used for obstructing pathol-

ogy around the carina. However, these stents do not appear to be appropriate for routine use if a simpler

cylinder stent in the trachea or bronchi can accomplish a complete palliation of the area of obstruction.

The University of Washington Experience

From May 1992 to February 1999, 165 patients underwent 325 endoscopic procedures for central airway

obstruction. Fifty-three percent of the patients were male and ages ranged from 13 to 82 years (mean of 54

years). Fifty-six percent of patients had malignant lesions, where 64% of these were due to local invasion

of nearby malignancies, 23% from metastatic tumors, and 12% from primary tracheobronchial histology.

All patients were symptomatic and 56% had severe respiratory distress. Another 21% presented with stri-

dor or wheezing and 16% with pneumonia. Ten of 165 patients (6%) presented with intubation due to res-

piratory failure. Fifty-one percent of these procedures were classified as urgent or emergent because of the

severity of presenting symptoms. The degree of obstruction was estimated by initial bronchoscopy as 

> 50% of the airway in 78% of patients, > 75% obstruction in 62% of patients, and > 90% obstruction in

46% of patients.
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These 165 patients underwent a total of 466 discrete interventions. These included dilation (22%),

endobronchial core-out (20%), laser (12%), and brachytherapy (9%). Of all procedures performed, 110

were primary stent placement (22%) and another 71 were stent revision. Forty-five percent of patients

underwent stenting for a benign disease that was not amenable to definitive surgical correction, and 55%

of stent procedures were for malignancy.

Patients underwent an average of 2 procedures per patient, ranging from 1 to 22 therapeutic inter-

ventions per patient. Thirty-nine percent of patients had 2 or more procedures, confirming the palliative

nature of endoscopic therapeutics and the need for ongoing interventions to obtain or maintain airway

patency. Sixty-nine patients underwent 110 stent procedures. Eighty-five percent of stents placed were sil-

icone stents (Hood Corporation) and 15% were expandable metal stents (Wallstent with or without

Permalume coating, Boston Scientific). The majority of patients (87%) had only 1 stent placed, whereas 2

or 3 stents were necessary to achieve airway patency in 11% and 2% of patients, respectively. Sixty-five of

110 stents (59%) were placed in a bronchial position, and 21% in the trachea. Carinal Y stents were placed

in 11%, and T or T-Y stents in 9% of patients. Twenty-five percent of patients had surgical customization

of the silicone stent to maximize stent seating or aeration of lobar orifices.

Overall, successful airway palliation was achieved in 158 of 165 patients (96%). There was no opera-

tive or procedure-related mortality, and the hospital and 30-day mortality was 1.2%. None of the early

deaths were related to stent complications and were a result of the progression of the patient’s underlying

disease. Complications occurred in 19 of 165 patients (11%). Stent-related complications were migration,

occurring in 5% of stents, with stent occlusion occurring in 3% of stents placed.

Conclusion

A wide variety of airway pathology may result in central airway obstruction. For patients with both benign

and malignant diseases, definitive surgical correction by tracheobronchial resection and reconstruction is

preferred. However, a number of patients will have unresectable airway obstruction due to the extent of the

obstruction, the natural history of the underlying disease, or medical or surgical contraindications. These

patients can be palliated by a number of endoscopic strategies, employing endoscopic dilation, core-out of

endobronchial tumor, laser resection, endobronchial brachytherapy, or photodynamic therapy. Airway

stenting with silicone or expandable metal stents provides reliable and durable palliation in 80 to 95% of

properly selected patients. The major advantages of silicone stents are the ease of customization, reposi-

tioning, and removal, with the major drawbacks being stent migration or stent obstruction. Expandable

metal stents have the advantage of ease of insertion, conformation to the airway, a low inner diameter to

outer diameter ratio, and stent stability. However, this is offset by the development of tumor ingrowth or

granulations at the ends or through the interstices of these stents, and difficult or impossible repositioning

or removal once the stent has been completely seated within the airway.

Management of the patient with central airway obstruction requires a thorough knowledge and con-

sideration of both the surgical and endoscopic management options. This will usually require a multidis-

ciplinary approach, with experienced thoracic surgical consultation to evaluate the potential for definitive

surgical correction. The interventional bronchoscopist must then fully consider the spectrum of endo-

scopic therapeutics. Most patients will benefit from combining strategies in a flexible algorithm directed at

optimizing patient outcomes. The benefits and risks of airway stenting must be considered in comparison

to the other options for airway palliation. In refractory strictures, rapidly recurrent tumor, or extrinsic

compression, endobronchial stenting will likely be necessary to achieve durable palliation of airway

obstruction. The short- and long-term implications of airway stenting, including the complications of sil-

icone versus expandable metal stents, should be considered thoroughly, with decisions regarding individ-

ual patients being based upon their anatomy and expected natural history.
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Editor’s Note

Dr. Wood firmly advises consideration of all therapeutic options for each patient with airway obstruction,

rather than hustling to stent placement, especially for benign disease. The lengthening of tracheobronchial

strictures and the production of additional complications by use of expandable stents, which we have seen

recently, underlines this wisdom. Gaissert and colleagues report 13 patients who failed to obtain palliation with

such stents (Wallstent, Microvasive Ultraflex) and suffered stent-related extension of strictures and granula-

tions in the previously normal airway.1 With coated stents, rings of stenotic tissue formed at either end.

Special problems arise in the removal of obstructing expandable wire stents. Sometimes, the stent may

be plucked out wire-by-wire bronchoscopically. Extended transsternal linear tracheostomy, cricoid to carina, is

required to remove some uncoated stents. That portion of the stent incorporated into the membranous wall is

best left in place, to avoid a tracheoesophageal fistula. A permanent long T tube is then necessary. If a coated

stent has produced obstruction at either end due to wires protruding beyond the coating, and if the lumen

of the stent is sufficiently wide, then a longer T tube may be inserted through the stent. Rarely is the origi-

nal lesion, which might have been easily resected originally, any longer resectable. Examples of these injuries

are to be seen in the Tracheobronchial Endoscopic Atlas (Figures 29 and 30 [Color Plate 15]).

In an earlier editorial, I deplored the use of expandable stents for benign disease, where simple surgical exci-

sion is likely to produce complete cure in most patients.2 Silicone stents such as the Dumon stent also produce

additional injury, but these are often reversible after extraction of the stent; not so with expandable wire stents.

The problem, which is a growing one, represents uncritical application of new gadgets and techniques with-

out full understanding of the pathology treated or the range of therapeutic options available. Many of these unfor-

tunate patients are first seen by stent placers, who unwittingly produce major and uncorrectable complications.

Hermes C. Grillo
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Tracheal carcinoma is rare and represents 0.2% of respiratory tract malignancies.1–3 Etiologic factors for

squamous cell cancer include tobacco and environmental pollutants, which are also the main causes for

malignancies of the larynx, bronchus, and lung. Histologic types of tracheal malignancies include squamous

cell carcinoma, adenoid cystic carcinoma, and other less common types of tumors.4

Squamous cell carcinoma accounts for 50% of all primary tracheal malignancies. It occurs predomi-

nantly in male smokers between the ages of 45 and 80 years, more often in the distal one-third of the trachea,

and presents as an exophytic and usually ulcerated mass obstructing the lumen. Many develop another pri-

mary carcinoma in the larynx or lung. Squamous cell carcinoma of the trachea has an aggressive behavior

characterized by early invasion into the adjacent mediastinal structures and metastasis to mediastinal and

cervical lymph nodes. Metastasis to lung, liver, and bone is a presentation of late stage disease. Tracheomedi-

astinal and tracheo-esophageal fistulae are late complications of advanced stage tracheal carcinoma.

Adenoid cystic carcinoma comprises approximately 30% of all primary tracheal malignancies. The

characteristics of this tumor include a growth rate slower than squamous cell carcinoma, a predilection

for the upper one-third of the trachea, and extensive endophytic infiltration beyond the exophytic por-

tion of the tumor.4 This endophytic infiltration may extend as much as 2.0 cm proximal or distal to the

boundary of the gross tumor. Perineural infiltration beyond the gross tumor in vertical directions is

another characteristic of adenoid cystic carcinoma. Metastasis to the regional lymph nodes is found in

about 10% of cases at the time of surgery.

Staging Work-Up

Assessment of the tumor extent and the physiologic condition of a patient by means of performance status,

and cardiac and pulmonary functional reserve, should provide a comprehensive basis for selecting proper

treatment and estimating results.5–9 The extent of the primary tumor (T factor) is evaluated by chest radi-

ographs, computed tomography (CT) scan of the chest, and bronchoscopy. A locally advanced squamous
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cell carcinoma of the trachea, which was judged unresectable, is shown in an axial view of a CT scan of the

chest (Figure 41-1). A CT scan of the chest and upper abdomen provides critical information for tumor

staging that is otherwise unavailable or less than satisfactory from conventional radiographs. The size and

shape of the primary lesion and its relationship to the surrounding normal structures are very well defined

by this method. A coronal and sagittal reconstruction of the CT scan provides the superior and inferior

extent of the tumor—critical information for treatment planning. The mediastinum can be satisfactorily

evaluated for direct tumor invasion and metastases. Barium swallow is important in obtaining additonal

information in patients who are suspected of having a possible tracheoesophageal fistula. It is also impor-

tant to perform esophagoscopy at the time of bronchoscopy, when tumor invasion through the membra-

nous wall of the trachea into the esophageal wall is suspected.

Indications for Radiation Therapy

Surgery remains the treatment of choice for resectable tracheal carcinomas.1–3,7–9 The following sections

present situations for radiation therapy use.

Postoperative Radiation Therapy in Resected Tracheal Cancer

The fate of patients with either incomplete resection, metastatic disease in the regional lymph nodes, or

both is poor. It has also been well demonstrated that radiation therapy is capable of sterilizing residual can-

cer in either the tumor bed region, the regional lymph nodes, or in both, when an adequate radiation dose

is administered in thoracic and other malignant tumors.10 In squamous cell carcinoma of the lung, post-

operative radiotherapy using a moderate dose of radiation (45 to 54 Gy in 25 to 30 fractions over a period

of 5 to 6 weeks) showed a significant improvement in locoregional tumor control.11 If it is assumed that the

FIGURE 41-1 An axial view of the thorax with a squamous cell carcinoma involving the right lateral and posterior
wall of the trachea.



radiation response of primary squamous cell carcinoma of the trachea and carina are similar to that of

bronchogenic carcinoma, then postoperative radiotherapy would be a valuable adjuvant treatment for

patients with either incomplete resection, metastatic disease in the regional lymph nodes, or both.

Even though there are not enough reports on the role of postoperative radiotherapy in adenoid

cystic carcinoma of the trachea and carina,12,13 an analogy, which can be drawn from the clinical expe-

rience in adenoid cystic carcinoma of the minor salivary glands in the head and neck region, may be a

useful guide. Douglas and colleagues reported results of neutron radiotherapy for patients with gross

residual adenoid cystic carcinoma of minor salivary glands after attempted surgical resection.14 The

median dose was 19.2 neutron Gy in 1.2 neutron Gy doses, given 4 times a week. The median duration

of follow-up was 32 months. Sites of the primary disease and the number of patients treated per dis-

ease site were as follows: paranasal sinus, 31; oral cavity, 20; oropharynx, 12; nasopharynx, 11; trachea,

6; and other sites in the head and neck, 4. The 5-year actuarial locoregional tumor control rate for all

patients treated with curative intent (n = 72) was 47%. The 5-year actuarial overall survival and cause-

specific survival were 59% and 64%, respectively. Patients with adenoid cystic carcinoma of the oral

cavity and oropharynx were able to receive the intended dose of neutron radiation (19.2 neutron Gy),

whereas those with a primary lesion in the nasopharynx and paranasal sinus with skull base involve-

ment were treated with a lower dose of neutron radiation (12 neutron Gy) because of the risk of nor-

mal tissue injury at the skull base and brain stem. Five-year locoregional tumor control was 59% for

patients treated with a high neutron dose for the primary oral cavity and oropharyngeal lesions, where-

as it was 18% for those treated with a low neutron dose for the nasopharynx and paranasal sinus lesions

involving the skull base and brain stem.

Both photons and neutrons have been used for postoperative radiotherapy for residual tracheal ade-

noid cystic carcinoma. Douglas and colleagues treated 5 patients with residual tracheal adenoid cystic car-

cinoma postoperatively with neutron radiation.14 Five-year locoregional control, overall survival, and

cause-specific survival were 40%, 67%, and 67% respectively. Ogino and colleagues treated 7 patients with

adenoid cystic carcinoma of the trachea for incomplete resection margins with photon radiation.12 Local

tumor control was obtained in 3 of 4 patients when the radiation dose administered was 60 Gy or higher,

and in 1 of 3 patients when the administered radiation dose was less than 60 Gy.

Therefore, it seems likely that a radiation dose of 60 Gy in 2 Gy dose fractions, 5 fractions per week,

over a period of 6 weeks of photon radiation, or a biologically equivalent dose of neutron radiation, is

necessary to convert a surgical resection from incomplete to complete, by sterilizing residual microscopic

carcinoma in the tumor bed and regional lymph nodes in both squamous cell carcinoma and adenoid

cystic carcinoma. Such postoperative radiotherapy is likely to result in an improvement in survival. For

gross residual carcinoma, the radiation dose needs to be increased to 68 to 70 Gy in 2 Gy dose fractions,

5 fractions per week, over a period of 6.8 to 7 weeks.

High-Dose Radiation Therapy for Unresectable and Medically Inoperable Tracheal Cancers

The relationship between radiation dose and tumor control has been described in nonsmall cell carcinoma of

the bronchus.15,16 Limited data from studies of tracheal tumors also suggest that a radiation dose higher than

60 Gy/30 fractions/6 weeks is necessary to achieve local tumor control in squamous cell carcinoma of the tra-

chea.3,17–25 If we assume that squamous cell carcinoma of the trachea and carina does respond to radiation in

a similar fashion to primary squamous cell carcinoma of the bronchus, then high dose radiotherapy is war-

ranted for unresectable and medically inoperable squamous cell carcinoma of the trachea and carina.

Although it is based on limited data, it is likely that a radiation dose higher than 60 Gy/30 fractions/6 weeks,

and preferably in the order of 70 Gy/35 fractions/7 weeks, is necessary in order to provide local tumor con-

trol in the majority of patients with unresectable squamous cell carcinoma.

Radiation Therapy in the Management of Tracheal Cancer 793
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For adenoid cystic carcinoma of the trachea, the data on the radiation dose–tumor control rela-

tionship are very sparse.12,13,18–20,26 However, the limited data suggest that a radiation dose higher than

60 Gy/30 fractions/6 weeks, and preferably near 70 Gy/35 fractions/7 weeks, is necessary to achieve local

tumor control. Adenoid cystic carcinoma of the trachea has a long natural history, and the risk period

for local tumor recurrence after radiation therapy is much longer than that of squamous cell carcinoma.

In a retrospective study, Huber and colleagues compared neutrons (median dose of 16 neutron Gy),

photons (median dose of 64 Gy), or mixed beam (8 neutron Gy and 32 photon Gy) for local tumor con-

trol and survival in 75 patients with inoperable, recurrent, or incompletely resected adenoid cystic carci-

noma of the head and neck region.27 The median follow-up was 51 months and surviving patients had a

minimum follow-up of 3 years. The actuarial 5-year local control was 75% for neutron, 32% for photon,

and 32% for mixed beam. Multivariate analysis showed that postoperative radiotherapy and small tumor

size were associated with better local control.

The dose-response data from clinical studies on adenoid cystic carcinoma of the trachea in the head

and neck regions support high-dose radiotherapy for primary adenoid cystic carcinoma of the trachea.

Palliation of Distressing Symptoms 

Relief of distressing symptoms is another important goal in caring for patients with advanced stage of tra-

cheal carcinoma. Hemoptysis, which is alarming to patients and their families, is relieved in over 80% of

patients receiving a moderate dose (40 to 45 Gy) of irradiation.28,29 Dyspnea associated with obstruction of

the trachea, carina, or mainstem bronchi is also relieved in over 80% of patients with 45 to 50 Gy of radi-

ation. Cough associated with carcinoma in either the trachea or carina is more likely to be relieved than

cough associated with a peripheral tumor of the lung. Local pain associated with direct spread of the tumor

to the surrounding normal structures such as the mediastinum, vertebral bodies, brachial plexus, and chest

wall, has also been well relieved with radiation.

Radiotherapeutic Factors and Techniques

The importance of radiotherapeutic factors and techniques cannot be overemphasized, inasmuch as the

outcome of the treatment depends heavily on the success or failure of sterilization of the tumor in the tar-

get volume and the relative frequency of serious complications associated with the techniques used.30 The

optimum time for the initiation of postoperative radiation is approximately 6 weeks after the tracheal

resection and reconstruction. It is important that the site of tracheal or tracheobronchial reconstruction is

adequately healed and that it can withstand a moderate to high dose of radiation.

Target Volume

A comprehensive review of the preoperative CT scan of the chest is essential in evaluating the extent of gross

tumor and tumor bed region relative to the surrounding normal structures and the regional nodal status. The

treatment volume consists of three components.30,31 The gross target volume (GTV) includes residual tumor

at the resection margins and involved regional lymph nodes. The clinical target volume (CTV), which is added

to the GTV to cover potential microscopic disease in adjacent tissue and organs, includes a radial margin of

2.0 cm and a margin of 4.0 cm in the cranial and caudal directions. Adenoid cystic carcinoma is a good exam-

ple of spread along the perineural lymphatics of the tracheal wall beyond the boundary of the gross tumor.

In order to take into account organ motion and daily variation in patient set-up, an additional 1.0 cm mar-

gin is added to the CTV as a planning target volume (PTV). Therefore, the combined CTV and PTV, beyond

the GTV, include a radial margin of 3.0 cm and a margin of 5 cm in the cranial and caudal directions.

If regional lymph nodes are involved, then one sentinel nodal station beyond the involved lymph

nodes is covered as the CTVn. The margins given for the CTV need to be reduced after 50 Gy. Therefore,



the combined CTV and PTV after 50 Gy includes a radial margin of 2.0 cm and 3.0 cm for the cranial and

caudal margins.

Optimal Dose and Fractionation Schedule

The radiation dose schedule for postoperative therapy varies with the degree of residual tumor burden. For

patients with clear but close margins with clearance of < 0.2 cm, the optimal radiation dose schedule for

prevention of locoregional recurrence is in the order of 50.4 to 54 Gy, administered with daily fractions of

1.80 Gy, 5 days a week over a period of 5.6 to 6 weeks. Assuming that the radiation response of tracheal

squamous cell and adenoid cystic carcinoma is similar to that of bronchogenic carcinoma, data from pre-

vious studies showed that this level of radiation dose schedule is near the optimum in forestalling a relapse

of the tumor in the tumor bed region or regional lymphatic areas.15 For residual microscopic tumor at the

resection margins or regional lymph nodes, a total radiation dose of 60 Gy administered in 30 fractions

over a period of 6 weeks is recommended. For gross residual tumor, a total radiation dose of 66 to 70 Gy in

33 to 35 fractions over a period of 6.6 to 7 weeks is required for a high rate of locoregional tumor control.3,21

For unresectable and medically inoperable tracheal carcinomas, the radiation dose schedule should be

high enough for the sterilization of gross tumor. However, such high-dose radiation therapy should be guid-

ed by the tolerance of the trachea and esophagus. A combination of external radiation and endotracheal

brachytherapy may meet the need for such high-dose radiotherapy. I have used a total dose of 76 Gy which is

administered in two sessions: the initial 68 Gy in 34 fractions over a period of 6.8 weeks with three-dimensional

(3-D) conformal radiotherapy, and the subseqent boost dose of 8 Gy at 0.5 cm from the source to the gross

tumor by means of endotracheal brachytherapy. The dose limiting organs in high-dose radiotherapy are the

esophagus, the membranous wall of trachea, and the spinal cord. Thus, the potential risk for inducing a tra-

cheoesophageal fistula, when endotracheal brachytherapy is combined with external radiotherapy, needs to be

addressed and discussed with the patient. To avoid a direct contact between the brachytherapy source wire

and the tracheal wall, particularly the membranous wall, it is desirable to use a special device with which the

radiation source wire is kept centered within the lumen of the trachea.32

Conventional Two-dimensional Radiation Therapy

The arrangement of radiation portals is dependent on the planned total dose, the energy levels of radiation,

and the shape of the target volume. Because of the scatter irradiation of low energy beams and the large

penumbra of a 60Co unit, high energy beams (10 to 25 MV photon) are preferred for curative radiation

therapy, with an aimed total dose of 66 to 68 Gy.

An arrangement of two parallel opposed portals (POP) applied anteroposteriorly (AP) and posteroan-

teriorly (PA) to the chest is simple and accurate, with the least risk of a geographical miss. The maximum dose

that can be administered with this technique is, however, in the range of 44 Gy because of the tolerance limit

of the spinal cord. When a posterior spinal cord block was used to keep the spinal cord dose within the toler-

ance limit, while a total dose of 60 Gy was administered at the midplane, an increase in local tumor recurrence

was noted because of a zone of a low tumor dose at the posterior mediastinum along the vertebral column in

lung cancer. An outright three-field arrangement of AP, right posterior oblique (RPO), and left posterior

oblique (LPO) has also been used for a small target volume located centrally. Drawbacks to this technique are

a relatively higher radiation dose (40 to 50% of total dose) to the pulmonary tissue in the path of the oblique

beams, and the difficulty of dealing with a large target volume because of poor pulmonary tolerance. The

rotational technique alone is undesirable because of the potential risk of increased pulmonary complications.

A treatment technique that I have used is a combination of AP–PA–POP with a subsequent three-field

of AP–RPO–LPO, and right and left lateral opposed boost portals. We have administered a total dose of 60

to 68 Gy to the target volume, whereas normal vital structures are kept below the threshold dose for serious
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complications; that is, ≤ 44 Gy to the spinal cord and ≤ 12 to 14 Gy to the pulmonary tissue in the path of

the oblique beams. For gross tumor involving the trachea and/or carina, a total dose of 66 to 68 Gy is admin-

istered by a combination of AP–PA–POP for the initial 36 Gy and AP–RPO–LPO for an additional dose of

30 to 32 Gy, using daily fractions of 2.0 Gy, 5 days a week.33 An alternative approach to the combination of

AP–PA–POP (36 Gy) and AP–RPO–LPO (30 to 32 Gy) is to add right lateral (RL) and left lateral (LL)

opposed portals for the last 8 to 10 Gy. By doing so, the radiation dose to the pulmonary tissue in the path

of RPO and LPO portals is significantly reduced. The same technique is also used for patients with involved

regional lymph nodes.

Three-dimensional Conformal Radiation Therapy 

With 3-D CT scan simulation of the chest for tracheal cancer, the radiation treatment plan is significantly

improved over that of a two-dimensional treatment plan.30 A 3-D radiation plan provides accurate body

contours at different levels of the target volume, improved definition of tumor size and location relative to

other normal vital structures, and a precise measurement of the thickness of the pulmonary tissue in the

path of the radiation beams for which a correction for the increased transmission in pulmonary tissue is

made. With the beam’s eye-view of the portals and dose–volume histogram (DVH), one can achieve the

optimum treatment plan for individual patients. The maximum differential between the radiation dose of

GTV and that of the adjacent normal vital organs can be achieved. DVH in 3-D conformal treatment plan

is an essential tool to determine the optimum treatment plan. The optimized treatment plan is studied to

achieve the desired balance between normal tissue complication probability (NTCP) and tumor control

probability (TCP). By using a DVH, one can adjust the relative risk of pneumonitis by modifying the

arrangement of radiation portals. It may require 5 to 7 portals to achieve the optimum treatment plan. Axial

and sagittal views of a composite isodose plan, and DVHs for GTV, spinal cord, lung, and esophagus, from

a 3-D radiation plan for a patient with medically inoperable squamous cell carcinoma of the trachea, are

shown in Figures 41-2 through 41-4. This patient was treated with a total dose of 75.4 Gy by a combination

of 68.4 Gy in 38 fractions over a period of 7.6 weeks of external radiation, and a boost dose of 7 Gy at 0.5

cm from the radiation source by endotracheal brachytherapy using 192Ir sources 2 weeks after the comple-

tion of the external radiation therapy. The endotracheal catheters are shown in Figure 41-5.

Concurrent Chemotherapy

Assuming that the biological characteristics of squamous cell carcinoma of the trachea and carina and their

response to radiation and chemotherapy are very similar to those of primary carcinoma of the bronchus

and lung, it is recommended that radiation therapy be combined with chemotherapy for patients with

unresectable or gross residual squamous cell carcinoma.

Dillman and colleagues compared radiation therapy alone (60 Gy/30 fractions/6 weeks) with sequential

chemoradiotherapy, in which two cycles of induction chemotherapy (cisplatin 100 mg/m2 IV on days 1 and 29,

and vinblastine 5 mg/m2 IV on days 1, 8, 15, 22, and 29 ) were administered first, and radiation therapy 

(60 Gy/30 fractions/6 weeks) was administered subsequently starting on day 50.34 The 5-year survival rates were

7% with radiation therapy alone as compared to 16% with chemoradiotherapy. Arriagada and colleagues also

compared radiation therapy alone with chemoradiotherapy, in which 3-monthly cycles of VCPC (vindesine

1.5 mg/m2 on days 1 and 2; cyclophosphamide 200 mg/m2 on days 2 to 4; cisplatin 100 mg/m2 on day 2;

lomustine 50 mg/m2 on day 2 and 25 mg/m2 on day 3) were administered before and after radiation therapy

(65 Gy/26 fractions/6.5 weeks) for patients with stage IIIA and IIIB nonsmall cell lung carcinoma.35 The 

eligibility criteria were less restrictive in this study than those of Dillman and colleagues.34 The locoregional

failure that was assessed by bronchoscopy and biopsy at 3 months after the completion of the therapies was

found to be in the order of 80% for both chemoradiotherapy and radiation therapy alone groups. However,



the distant failure rate at 5 years was reduced from 70% with radiation therapy alone to 49% by addition of

chemotherapy. Thus, a combination of radiotherapy and chemotherapy seems most appropriate for unre-

sectable squamous cell carcinoma of the trachea and/or carina. Chemotherapy for adenoid cystic carcinoma

has not been studied extensively, and its role in curative therapy remains to be determined.

Results

Postoperative Radiation Therapy

For patients with resectable tumor, the cure rate by surgery alone is in the range of 40 to 50%, and the

majority of failures are due to presumably a combination of locoregional and distant metastases. Because

of the rareness of these tumors, data on the pattern of failure after surgery are very sparse.

The ultimate goal of postoperative radiation therapy is to improve the probability of cure for patients

with a high risk for local and regional failure. However, postoperative radiation therapy is a local and

regional treatment, and its benefit may not result in a gain in survival should there be preexisting distant

metastases. Patients with a positive margin for residual cancer have a high risk for local recurrence and sub-

sequent failure.

When we compared the outcome of therapy in patients who received postoperative radiotherapy for

either positive resection margins for residual cancer or close margins of 0.2 cm or less with those who had

clear margins and did not receive postoperative radiation therapy, the median survival time was 136 months
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FIGURE 41-2 An axial view of the thorax with a composite isodose plan of three-dimensional conformal radiotherapy using
6 portals (AP–PA, RAO–LPO, LAO–RPO). The planning target volume (PTV) is covered with 95% of the isodose line.
AP = anteroposteriorly; LAO = left anterior oblique; LPO = left posterior ablique; PA = posteroanteriorly; RAO = right
anterior oblique; RPO = right posterior oblique.
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FIGURE 41-4 Dose–volume histogram (DVH) showing the coverage of gross target volume (GTV) and planning target vol-
ume (PTV) (A and B) with the prescribed radiation dose of 68.4 Gy. The DVH for normal organs is shown: C, esophagus;
D, left lung; E, spinal cord; F, both right and left lungs; G, right lung.

FIGURE 41-3 A sagittal view of the thorax with a composite isodose plan of three-dimensional conformal radiotherapy. The
planning target volume (PTV) is covered with 95% of the isodose line.



for patients treated with surgery and postoperative radiation therapy (n = 52) as compared to 127 months

for patients treated with surgery alone (n = 31).36 There were no significant differences in 5- and 10-year 

survival rates.

These data suggest that postoperative radiotherapy is beneficial in improving survival in patients

with either resection margins positive for residual cancer or close margins.

High-Dose Radiotherapy for Unresectable or Medically Inoperable Tracheal Cancers

The primary goal of high-dose radiation therapy is cure for patients with unresectable tracheal carcinoma.

Radiation therapy is, however, a local and regional treatment that cannot alter the course of the disease if

there is preexisting distant metastasis. Although high-dose radiation therapy is employed to obtain long-

term control of unresectable tracheal cancer, associated distressing symptoms (ie, dyspnea secondary to air-

way obstruction, cough, and hemoptysis) are also relieved.

The prognosis of patients with unresectable tracheal cancer is poor. For squamous cell cancer, median

survival time is of the order of 6 to 10 months after radiation therapy. The natural course of adenoid cystic

carcinoma is much longer than that of squamous cell carcinoma. Thus, the time to recurrence after high dose

of radiation therapy in adenoid cystic carcinoma can be as long as 6 to 8 years. Manninen and colleagues

reported results of primary radiation therapy in 44 patients with squamous cell carcinoma.20 The median sur-

vival time was 8 months from the time of diagnosis. Complete response to radiation therapy was a favorable

prognostic sign. For those who achieved complete response, the survival rates at 1, 2, and 5 years were 45%,

18%, and 9%, respectively. Mornex and colleagues reported results of radiation therapy in 84 patients with

primary tracheal carcinoma, which included squamous cell carcinoma (n = 70), undifferentiated carcinoma

(n = 9), adenocarcinoma (n = 3), and small cell carcinoma (n = 2).3 The survival rates at 1, 2, and 5 years were
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FIGURE 41-5 An anteroposterior view of a
chest after placement of two endotracheal
catheters for endotracheal brachytherapy. The
patient received 7.0 Gy at 0.5 cm from the
source (192Ir) as a boost dose of radiation after
a total dose of 68.4 Gy in 38 fractions over a
period of 7.6 weeks by three-dimensional 
conformal radiation therapy.
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46%, 21%, and 8%, respectively. Prognostic factors included tumor size (< 3 cm versus > 3 cm), performance

status, and radiation dose. Five-year survival rates were 12% versus 5% with radiation dose > 56 Gy versus <

56 Gy, respectively. Local tumor control was also found to be radiation dose dependent. It was achieved in

69% versus 34% with radiation dose > 56 Gy versus < 56 Gy, respectively.

Reports on long-term follow-up after high-dose radiation therapy for patients with unresectable ade-

noid cystic carcinoma are sparse and incomplete.12,13,18–20,26 Most reports include a relatively small number

of patients and it is difficult to draw a meaningful conclusion. Given the long natural history of this tumor,

it is important to aim for control of the local regional disease with a high dose of radiation therapy. This

approach offers an opportunity for local tumor control and possible cure, even though the risk for distant

failure from microscopic seeding is high.

New Trends in Prospect 

New approaches are being sought to achieve a better control of the local and regional tumors than what the

current radiation dose schedule has been able to attain.

Altered Fractionation Schedules

Accelerated or hyperfractionated radiation therapy may exploit the radiobiologic advantages of both a

reduced fraction size for late-reacting tissues (lung, spinal cord, connective tissue) and a shortened overall

treatment time against rapidly proliferating tumors such as squamous cell carcinoma of the trachea.37,38

Repair of sublethal radiation damage in aerobic mammalian cells is essentially complete within 2 to 4

hours.39,40 When a rapidly proliferating tumor cell population such as squamous cell carcinoma of the tra-

chea is growing in normal tissue whose cells are nonproliferative or slowly proliferating, an advantage

accrues to the tumor cells if the treatment interval is greater than 4 hours. In such a situation, greater radio-

therapeutic efficacy is expected with the use of two or three treatment sessions per day with an essentially

normal dose per fraction, total dose levels, and intervals of at least 5 hours between fractions.

In a clinical study, we compared a qd schedule with bid and tid schedules in the same patients with

multiple sites of metastatic carcinoma to evaluate the response of normal human skin to accelerated frac-

tionation schedules using 200 kV deep x-rays.41 The intertreatment interval was kept at 4 hours. This study

showed that the bid or tid dose schedules required an 8 to 10% decrease in the total dose of the qd sched-

ule to yield the same level of acute skin response. In Burkitt’s lymphoma, complete response was obtained

in 74% (25 of 34) of patients with a hyperfractionation schedule (120 cGy tid) as compared with 11% (1

of 9) by a conventional dose schedule (220 cGy qd).42

In recent studies, Saunders and colleagues tested a concept of accelerated high-dose fractionated

radiation administered within a short period of time (12 days) before accelerated tumor proliferation

begins in standard qd radiation therapy.43,44 Their pilot study, with a continuous, hyperfractionated,

accelerated radiotherapy (CHART) regimen (54 Gy/36 fractions/12 days by 1.5 Gy/fraction, 3 treat-

ments/day, 7 days/week), showed an encouraging result when it was compared with historical control at

the same institution. The dose limiting toxicity of this CHART regimen was acute esophagitis. This led

to a phase III trial in which the same CHART regimen, as stated above, was compared with a standard

qd radiation schedule (60 Gy/30 fractions/42 days) in patients with unresectable nonsmall cell carcinoma

of the lung (stages I to III). The 2-year survival rates were 29% by CHART as compared with 20% by

standard qd radiation (p = .006).

Squamous cell carcinoma of the trachea has rapidly proliferating characteristics for which an accelerat-

ed fractionation regimen using a bid schedule, or a hybrid schedule of a qd mixed with a bid schedule, seems

more logical than a conventional qd schedule. On the contrary, adenoid cystic carcinoma is a slowly growing

tumor and a conventional qd schedule seems more appropriate than accelerated fractionation schedules.



Innovations in Improving Therapeutic Ratio

Three-Dimensional Conformal Radiation Therapy. Three-dimensional conformal radiation therapy is a

new treatment method in radiation therapy. This 3-D treatment plan provides a DVH of the target tissue

and normal organs in the thorax. With this new technology, it is feasible to optimize the radiation dose

schedule and total dose to individual patients.30,31 This new technology also offers an opportunity to study

the maximum tolerated dose of radiation for the given size and length of tracheal carcinoma. With 3-D

radiation therapy, one should attempt to administer a radiation dose of 70 Gy in 35 fractions over a period

of 7 weeks to the tracheal tumor in the majority of patients with unresectable disease. It is anticipated that

results of high-dose radiation therapy using a 3-D conformal radiation plan will become available over the

next 5 to 10 years.

Endotracheal Brachytherapy. Endotracheal brachytherapy is a reasonable approach for tracheal carcinoma.

However, this treatment may not be able to administer an adequate dose of radiation to the extramural

tumor without causing an unacceptably high dose to the tracheal mucosa and cartilages. It is not feasible to

administer a uniform dose of radiation throughout the large target volume. Therefore, it has been used as

supplemental therapy for an additional dose of 8 to 15 Gy in 1 to 2 sessions, after 60 to 68 Gy of external

beam radiation. Studies using the combined therapy of external beam radiation and endotracheal

brachytherapy showed an improvement in local tumor control.32,45 Further studies are necessary to deter-

mine the maximum and optimum dose of supplemental radiation by endotracheal brachytherapy after

external radiation therapy. In such studies, an applicator that is capable of positioning the catheter to the

center of the tracheobronchial lumen is desirable.32

Summary and Conclusion

Tracheal carcinoma is rare and the therapy outcome depends on the tumor extent and histological type.

Survival rates beyond 5 years are 50 to 60% after resection for operable disease, and 5 to 20% after radia-

tion therapy for unresectable or medically inoperable tumors. Adenoid cystic carcinoma has a much longer

natural history than squamous cell carcinoma.

Surgery remains the choice of treatment for tracheal carcinoma. Postoperative radiation therapy

should be considered for patients with either resection margins positive for residual carcinoma or inade-

quate margins of resection of 2 mm or less.

With the advent of 3-D conformal radiation therapy, it is feasible to quantitate the radiation dose

administered to the tumor as well as the normal tissue or organs in the thorax by means of a DVH. Future

studies should use 3-D conformal radiation therapy to determine the maximum tolerated dose of radiation

as well as for the determination of the optimum dose for individual patients with unresectable or inoper-

able tracheal carcinomas.
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Reconstruction after Irradiation

Anatomy and Mobilization of the Omentum

Airway Problems for Which the Omentum is Used

Reconstruction after Irradiation 

Hermes C. Grillo, MD

Anatomy and Mobilization of the Omentum

The omental flap has many uses in airway surgery. An omental flap based on a right gastroepiploic vascu-

lar pedicle is sufficiently long to reach any part of the airway. The omentum seems to possess unique abili-

ties to enhance neovascularity, provide fibroplasia, and reestablish lymphatic drainage. Its bulk serves to fill

space. It functions in the face of infection and helps to clear it. These functions have long been recognized.1,2

In 1988, Mathisen and colleagues described the uses of the omentum in the management of complicated

cardiothoracic problems.3 This chapter deals only with its application to airway problems.

The greater omentum is supplied by branches from the right and left gastroepiploic arteries, which

form variable arcades (Figure 42-1). Commonly, three major vessels branch more distally in the omentum

to anastomose in inconstant vascular arcades.4 The right gastroepiploic artery is almost always of good 

caliber and with good flow, except if previously divided. The left gastroepiploic artery is smaller and less

constant, especially in its anastomosis with the right gastroepiploic artery. The right artery extends well to

the left of the midpoint of the greater curvature of the stomach. The pulse in the right gastroepiploic artery

should always be palpated. Although 5 to 13 arteries to the omentum originate from the right gastro-

epiploic artery, only 1 usually continues from the left.2 It may or may not form an anastomotic arcade 

distally with other omental arteries. From the gastroepiploic arcade, multiple small branches flow to the

greater curvature of the stomach. The short gastric arteries supply the greater curvature of the stomach

above the left gastroepiploic artery. The veins parallel the arteries and empty into the portal system, most

often via the superior mesenteric vein.

The omentum varies in length from 14 to 36 cm and in width from 23 to 46 cm.5 In a few patients,

the omentum may be turned upward into the chest through an appropriate entry point without any

mobilization. This is in effect an omentopexy. In most cases, it is necessary to detach the omentum from

the transverse colon and also laterally from attachments to other abdominal structures. If the lesser omen-

tal sac is partially or completely obliterated, separation from the transverse mesocolon must be done with
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care to avoid injury to middle colic vessels. Detachment of the omentum from the transverse colon will

provide sufficient length to reach nipple level in 75% of patients. The precise plane of dissection between

the omentum and epiploic appendices of the colon is often unclear. The epiploic appendices should be left

attached to the colon to minimize bleeding. The omental pedicle thus established often reaches the desired

point in the thorax.

For further mobilization, I prefer to divide the left gastroepiploic artery and detach the

gastroepiploic arch from the greater curvature of the stomach, carefully protecting the origin of the

right gastroepiploic artery. The numerous short arteries to the stomach are individually ligated and

divided one by one. With careful dissection, injury to the gastroepiploic arcade or to the stomach wall

will not occur. When thus pedicled, the omentum will reach the base of the neck in 88% of patients. We

have found that this degree of mobilization meets almost all the needs of the thoracic surgeon 

(Figure 42-2). A flap based on the left gastroepiploic artery is less dependable and provides little, if any,

advantage. It is possible to obtain further length by dividing the arcade at one or more points to pro-

duce a longer pedicle.4,5 In such a case, atraumatic vascular clamps are placed at the points of the antic-

ipated division of vascular arcades, and the distal omentum is examined for viability after about 

10 minutes. Such division permits the omentum to reach as high as the skull, but there is an attendant

risk of partial loss of blood supply.

Omental mobilization is most often done through an upper midline abdominal incision from the tip

of the xiphoid to the umbilicus. The timing of omental mobilization and the route of transposition to the

chest vary with the intended use. In treating the airway, there is no indication to transfer the omentum sub-

FIGURE 42-1 Distribution of omental
arteries and mobilization of the omentum.
The gastroepiploic arcade is incomplete in
about one-third of patients. The left 
gastroepiploic artery is inconstant in size
and pattern. Distal epiploic arterial arcades
are also extremely variable and may be
incomplete. The superior dashed line indi-
cates the line for omental mobilization with
preservation of right gastroepiploic arterial
supply. The lower dashed line represents the
plane of separation of the omentum from
the transverse colon. In many patients, this
alone provides sufficient mobility for omental
transfer.



cutaneously. The routes for transposition of the omentum into the chest are most commonly a substernal

tunnel immediately behind the retrosternal fascia or through incisions made through the diaphragm on

either the right or left side anteriorly just beyond the costal attachments (Figure 42-3). Lateral incisions

must be adequate to permit the omentum to pass through without compression of blood supply, and at the

same time, snug enough to prevent herniation of intestine. A few sutures between the diaphragm and the

omentum protect against herniation.

If a decision is made in advance to use the omentum in a patient who will be operated upon by 

thoracotomy, I prefer first to mobilize the omentum through a midline abdominal incision, with the patient

supine, and place the omentum in a substernal tunnel or pocket that has been created. The abdominal inci-

sion is closed and the patient positioned for thoracotomy. Mobilization should therefore be generous, most

often using a right gastroepiploic artery pedicle. At thoracotomy, the mediastinal pleura is opened, and the

omentum is drawn into the hemithorax when needed. With cervicomediastinal approach to the trachea, a

change of position is of course not required. If it is not clear whether the airway lesion is resectable prior to

exploration by thoracotomy, the patient is placed in a modified thoracoabdominal position and the ab-

dominal incision is deferred. In this case, transfer of the omentum to the chest may sometimes be more 

easily done through a small anterior diaphragmatic incision.
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FIGURE 42-2 Omentum mobilized from
the colon and pedicled on the right 
gastroepiploic artery. The extent of mobility
is apparent.
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Airway Problems for Which the Omentum is Used

The omentum is useful to prevent airway problems in 1) cervicomediastinal exenteration with mediastinal

tracheostomy, 2) tracheobronchial reconstruction following prior high-dosage irradiation to the airways,

3) high-risk bronchial closure, and 4) lung transplantation. It is also used for treatment of established air-

way problems including 1) bronchopleural fistula and 2) tracheal dehiscence. Since most of these problems

are discussed elsewhere in this book, they will be noted only briefly here.

Cervicomediastinal Exenteration

When mediastinal tracheostomy is established close to the carina, even a partial separation of the trachea

from the skin can lead to mediastinal sepsis and then to fatal hemorrhage from the brachiocephalic

artery or aortic arch (see Chapter 34, “Cervicomediastinal Exenteration and Mediastinal Tracheostomy”).

Prior irradiation increases the danger. Elective division of the brachiocephalic artery plus use of the

omentum to surround the trachea beneath the cutaneous anastomosis and cover the large vessels 

prevents these disasters. A tongue of omentum is also placed over the pharyngoesophageal closure or

pharyngoenteric anastomosis. The omentum is advanced directly from the upper abdominal incision

through a substernal tunnel.6

Of 8 patients who underwent radical operations of this type with omental support, 4 had received a prior

high-dose irradiation, 1 was irradiated postoperatively, and 2 suffered problems related to 131I treatment. Colon

bypasses were used for reconstruction in 5 patients, the stomach in 1, and esophagoplasty in another. One patient

did not require esophageal resection. None of the patients developed either esophageal fistula or vascular ero-

sion. One patient experienced a complete separation of the trachea from the skin and another experienced a par-

tial separation.Healthy granulations arose from the underlying omentum,and the vessels remained protected while

healing proceeded satisfactorily.

FIGURE 42-3 Diaphragmatic apertures
for transposition of omentum. A indi-
cates the area of opening for substernal
transfer. B and C indicate the regions of
incisions for anterolateral passage.



Prevention of Bronchopleural Fistula 

Patients at increased risk for bronchopleural fistula, particularly after a right pneumonectomy, include 1)

those with prior mediastinal irradiation, 2) those who require a radical mediastinal lymph node dissection,

which can devascularize the exposed right main bronchial stump, 3) those with intrathoracic infections

such as aspergillosis, or 4) those requiring a pneumonectomy due to pulmonary destruction from tuber-

culosis. The bronchial stump should be specially reinforced after meticulous suture closure. A variety of tis-

sues are satisfactory. These include a bulky and well-vascularized pedicled pericardial fat pad, a pedicled

intercostal muscle flap, or pedicled omentum. All must be fixed with multiple sutures to provide a second

layer closure and not simply “tacked” into place. Chest wall muscular pedicles are preferred by some sur-

geons. The omentum has been elected 1) where a bulkier flap was felt to be useful, 2) where prior chest wall

surgery, such as a preceding thoracoplasty, militated against the use of intercostal muscle, or 3) where the

chest wall had been irradiated. Results have been excellent.7

It is not the purpose of this chapter to discuss detailed management of the underlying problems in

a pneumonectomy; however, if the pleural space is heavily contaminated during or preceding a pneu-

monectomy, it will remain so even after surgical débridement of infected tissue, both parenchymal and

parietal. In these cases, two chest catheters have been left in place; a small one superiorly and a larger one

posteriorly and inferiorly. After 48 hours to permit sealing of the tissue planes of the applied flap, the

patient is started on a 1-week program of antibiotic irrigation of the cavity, prior to removal of chest

tubes. This might be termed a “preemptive” Clagett procedure.

Lung Transplantation 

The problem of bronchial blood supply in lung transplantation is discussed in Chapter 44, “Airway Man-

agement in Lung Transplantation.” In an effort to minimize anastomotic devascularization problems and

their sequelae, which were seen so often after lung transplantation, Cooper advocated wrapping the anas-

tomosis with omentum.8 Experiments demonstrated the survival of a completely detached segment of

main bronchus wrapped with omentum.9 A network of fine vessels originating from the omentum

appeared in 4 days. As long as healing of anastomoses following lung transplantation continues to present

problems, the omental adjunct will likely remain useful, at least in certain instances.7

Completely free transplantation of the trachea and even of the larynx, surrounded by an omental wrap,

has been proposed experimentally by a number of investigators. It has not been generally successful (see

Chapter 45, “Tracheal Replacement”).

Closure of a Bronchopleural Fistula

Effective treatment of a chronic bronchopleural fistula after pneumonectomy, or after lobectomy with

empyema and destroyed residual lung, requires three steps. First, the empyema must be widely and com-

pletely drained. Second, the fistula must be permanently closed. Third, the residual pleural space must

be cleared of infection and closed, completely filled, or obliterated. Techniques for closure of a broncho-

pleural fistula are many and are variably applicable to individual cases. This chapter seeks only to review

the use of the omentum for this problem. Detailed consideration of bronchopleural fistula is given in

Chapter 43, “Postpneumonectomy Bronchopleural Fistula.”

Virkkula and Ecrola described the use of the omentum for closure of fistulae.10 We have used the omen-

tum to close fistulae in patients in whom the original disease was lung neoplasm—a number with prior irradia-

tion, chronic infection, and trauma.11 Some had undergone a lobectomy with subsequent destruction of the

remaining lung. Several patients were previously treated unsuccessfully with chest wall muscle flaps. It is our

conclusion that the omentum is more dependable than myoplastic flaps in difficult situations such as these.7

The Omentum in Airway Surgery and Tracheal Reconstruction after Irradiation 807
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Adequate dependent drainage of the chronic empyema is first assured. At the time of definitive clo-

sure, the omentum is fully mobilized through an upper abdominal incision and placed in a retrosternal

“pocket.” The abdomen is closed and chest exposure is obtained. The bronchial stump is dissected, any

excess is resected, and the stump is then closed with 4-0 Vicryl sutures.

The mediastinal pleura is opened and the omentum extracted. The massively thickened pleura may

make location of the “pocket” difficult. The omentum is sutured over the closed stump in at least two lay-

ers, folding it on itself. In patients in whom the fistula was completely flush with the carina, the omentum

was initially sutured to the margins of the opening, in the manner of closure of a large perforation due to

duodenal ulcer. Postoperative bronchoscopy demonstrated the omentum to fill the fistula. Carinal resec-

tion seems an unwise alternative in this densely scarred, contaminated, and often irradiated field.

Most commonly, the hemithorax was allowed to remain widely drained for a later Clagett procedure

when healing was firm and the cavity was clean. In some cases, a small residual pleural space was filled with

the bulky omentum or with the adjunct of a pedicled chest wall muscle flap, permitting closure with a

draining chest tube.

A patient with an unsuturable fistula flush with the trachea, which is plugged with an omentum, may

leak briefly several days after operation, but spontaneous closure should follow as granulation tissue pro-

liferates. One failure of omental reclosure after multiple prior attempts at closure occurred, but residual

carcinoma was discovered in the stump.

Tracheal Dehiscence 

Resuture may not be possible in the very rare occurrence of frank separation early after a tracheal anastomo-

sis. Management may be attempted by a T tube or an endotracheal tube (if the patient requires ventilation)

that spans the area of separation. If the innominate artery or aortic arch is adjacent, it seems judicious to wrap

the dehisced airway and its splinting tube with the omentum, interposing it between airway and vessels.

Fortunately, the problem very rarely occurs and experience is therefore minimal. A patient who had

massive irradiation for squamous cell carcinoma of the upper trachea prior to transfer to this hospital was

found at resection to have an abscess adjacent to the necrosing tumor. The anastomosis following resection

initially appeared satisfactory. Subsequent localized necrosis and leakage in the lateral wall of the trachea at

the anastomosis was managed by débridement, omental wrapping, and a splinting T tube. The airway

remained functional for 6 months until death, which occurred from multiple pulmonary metastases from

a highly aggressive tumor.

Reconstruction after Irradiation 

Airway injury from irradiation is encountered in two forms. The first is stenosis, and the second is loss of

healing capacity following reconstruction.

Postirradiation Stenosis

Tracheal stenosis subsequent to irradiation is seen only occasionally. Our experience is therefore related anec-

dotally. Following external irradiation of the larynx and upper trachea for thyroid cancer in a young child, the

larynx failed to develop to proper size and, years later, subglottic and upper tracheal stenosis became evident.

In a small number of adults, high-dose external irradiation for thyroid and laryngeal carcinomas resulted,

decades later, in severe subglottic and upper tracheal stenoses. In 3 additional patients with mediastinal

Hodgkin’s disease, severe stenosis of the midtrachea appeared a decade or more after apparently successful

management, primarily by irradiation in doses in the range of 4,500 cGy. None of these patients had recur-

rence of neoplasm. In 1 patient who was explored, massive fibrosis was found, encasing the area of tracheal

stenosis, presumably residual scar from the destroyed lymphoma.



Another patient suffered destruction and stenosis of the larynx, the trachea, and the upper esopha-

gus following treatment of a stubborn Graves’ disease by administration of an excessive dose of radioactive

iodine (RAI) (Figure 42-4). Inappropriate use of brachytherapy in the left main bronchus to deliver irradi-

ation to the carinal area, after right pneumonectomy for adenoid cystic carcinoma, produced an oblitera-

tive stenosis of the bronchus, as might be expected.

These patients have, in general, been managed as conservatively as possible. Two adults with upper

laryngotracheal stenoses were handled by dilation at intervals. Fortunately, they did not require further inter-

vention. There appeared to be no surgical route to correct the lesions because of their disposition and location,
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FIGURE 42-4 Laryngotracheal and cervical
esophageal stenosis due to excessive dose of
radioactive iodine used to treat Graves’ disease.
A, Densely calcified thyroid gland. The larynx is
stenotic and the proximal trachea obliterated.
B, Lateral cervical view shows calcification in the
thyroid, a distorted airway, and a stenotic esoph-
agus. C, Computed tomography scan shows the
calcification plus dense fibrosis encasing the 
trachea and esophagus. The induration involved
the carotid arteries and internal jugular veins.
Treatment required cervicomediastinal exenter-
ation with mediastinal tracheostomy, colonic
substitution for the esophagus, and omental
advancement. Primary healing was achieved.

A B

C
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even if healing could have been obtained. A tracheal “button” distal to the stenosis was advised in the patient

who underwent irradiation in childhood, with subsequent severe laryngeal and upper tracheal stenosis.

The patient with destruction of laryngotracheoesophageal structures by RAI had a large inflamma-

tory mass, rigid cervical fibrosis, and multiple fistulae. She suffered from bleeding from a tracheostomy.

Cervicomediastinal exenteration of the entire process, with establishment of mediastinal tracheostomy

protected with the omentum, and restitution of swallowing with a colon bypass, produced a satisfactory

result. The left main bronchial stenosis due to brachytherapy proved undilatable and irresectable.

Our first patient with a midtracheal stenosis and severe surrounding fibrosis due to prior treatment

of Hodgkin’s disease was managed by excision and end-to-end anastomosis with omental wrapping. Fail-

ure of healing led to separation, and death occurred from hemorrhage from the brachiocephalic artery.

Subsequent patients were managed by dilation and placement of a T tube, with satisfactory results.

Postirradiation Inhibition of Healing after Reconstruction

Damage to the healing potential of tissues as a result of significant doses of irradiation has long been rec-

ognized. Factors that impair wound repair are increased dose of irradiation and a prolonged interval

between irradiation and a surgical procedure. Traditionally, the surgeon’s anxiety increases when the irra-

diation dose exceeds 4,500 cGy and when irradiation has been given longer than a year prior to operation.

Whereas excisional surgery, such as lymph node dissection or lobectomy, may be accomplished with only

moderate increase in complications of wound healing, anastomoses of the airway or intestine are likely to

dehisce, with disastrous consequences. The ability of irradiated tissues to respond to injury with normal

capillary budding and fibroblastic proliferation is minimized or lost. Because of hyalinizing changes in

small vessels, necrosis may occur once the integrity of the organ is disturbed by surgery (Figure 42-5).

Failure of healing following anastomosis of the irradiated intestine has long been noted. A similar

wariness of prior irradiation exists in resectional surgery of the lung, although the concern is not uniformly

accepted. Experimental studies in dogs by Tsubota and colleagues demonstrated detrimental effects of irra-

diation on tracheal anastomoses.12 When more than 3,500 cGy of irradiation was delivered over a 3-week

period prior to resection and reconstruction, the incidence of subsequent tracheal stenosis increased pro-

portionally with increasing dose of irradiation. This was associated microscopically with more edema,

inflammation, and fibrosis. Grillo and Potsaid, and Ross, demonstrated inhibition by irradiation of capil-

lary proliferation and of local appearance of a fibroblast population in experimental wounds.13,14 These are

key components in the reparative response that normally follows injury and which finally serves to unite

the anastomosis. The late histological effects following irradiation include hyalinization of arterioles, which

then lose the ability to respond with a reparative response after injury.

Clinical Experience

In 1967, I saw a 54-year-old patient who 6 years earlier had undergone a thyroid lobectomy and radical

neck dissection for differentiated carcinoma of the thyroid, and who subsequently received 4,800 cGy of

radiotherapy because of invasion of the tracheal wall by tumor. She presented with severe airway obstruc-

tion due to recurrent cancer. The invaded tracheal segment was resected and an end-to-end anastomosis

was performed. The trachea failed to heal, turned grayish-green, and necrosed, and the patient ultimately

died from brachiocephalic artery hemorrhage. It appeared judicious to withhold tracheal reconstructive

surgery in patients who had had a significant dose of irradiation given remotely.

This rule was later broken for an 8-year-old boy who had undergone very high-dose radiotherapy

(3,728 and 5,040 cGy), 93 and 67 months earlier, for rhabdomyosarcoma in the neck. A short segment of the

cervical trachea obstructed by a recurrent nodule of tumor was resected, and the anastomosis was buttressed

with a substernally pedicled omental flap. Healing was satisfactory, except for a minor air leak at the fifth post-
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FIGURE 42-5 Histological damage to the trachea due to
irradition. A 76-year-old female underwent subtotal 
thyroidectomy for invasive papillary carcinoma of the
thyroid and subsequently received irradiation to a total
dose of 6,080 cGy to the tumor bed. Four years later, she
manifested laryngotracheal invasion, with hemoptysis.
Laryngotracheal resection was performed with substernal
omental advancement. A temporary tracheostomy was
necessary. The anastomosis healed slowly, but well. A,
Photomicrograph of an irradiated small artery, showing
characteristic hyalinization of the wall, intimal hyperplasia,
and small lumen. B, Degeneration of cartilage. The 
hyaline cartilage at the left shows typical grouped chondro-
cytes. The fibrocartilage at the right is also abnormal. C,
Atrophic tracheal glands.
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operative day. This healed with a tiny granuloma at the suture line, which was managed bronchoscopically.

Between 1979 and 1992, 22 consecutive patients underwent major airway resection and reconstruc-

tion following significant irradiation.15 Excluded were patients who underwent resectional surgery only (ie,

pulmonary resection or exenteration) without anastomoses, since these are lesser albeit still major prob-

lems. The average dose of irradiation received by these patients was 4,979 ± 1,112 cGy (range 3,150 to 7,768

cGy) in between 20 to 44 fractions, with an average fractional dose of 150 to 200 cGy. The time interval

between irradiation therapy and surgery was 42.6 ± 105 months (range 1 to 488 months).

Patients fell into four categories: 1) symptomatic postirradiation tracheal stenosis, 2) recurrent tracheal

tumor after irradiation either primary or adjunctive, 3) recurrent extratracheal tumor invading the trachea, and

4) preoperative radiotherapy. Six patients had postirradiation tracheal stenosis, causing dyspnea at rest. Three

had been irradiated for positive margins after resection of adenoid cystic carcinoma of the trachea, 1 had

received mediastinal irradiation for stage IA Hodgkin’s lymphoma 13 years before, and a fifth developed steno-

sis following radiation for cervical tuberculosis as a child 40 years earlier. A sixth patient had been irradiated

for recurrent thyroid cancer. Ten patients had recurrent primary tracheal tumors after prior radiation therapy.

In 5 patients, the therapy had failed as primary treatment. Two had received radiotherapy for recurrence after

resections for primary squamous cell carcinoma. Others included squamous cancer in an area of radiation for

a primary lingual cancer, and another had been radiated following two prior tracheal resections for squamous

cell carcinoma and now had yet another. There were 3 patients who had had a previously resected extratracheal

tumor, with recurrence that now invaded the trachea. Three additional patients had preoperative irradiation

and chemotherapy shortly before tracheal resection as part of a protocol extended to stage IIIB lesions.

Six patients underwent resection for benign stricture, 4 of these resulting from prior tracheal resec-

tions, whereas the other 2 had received radiation many years before but had not undergone surgery. Ten of

the patients had primary tracheal cancer, 5 of who were referred because of failure of irradiation and laser

therapy. The diagnoses of the patients who had extratracheal tumors invading the airway were rhabdo-

myosarcoma, laryngeal squamous cell carcinoma, and carcinoma of the lung.

It was planned to buttress the anastomosis with a vascularized and unirradiated tissue flap if the

patient had received more than 4,500 cGy of irradiation or if irradiation therapy had been completed

more than 12 months prior to surgery. This was intended to provide a healthy source of regenerating tis-

sue for healing of the anastomosis and also to provide a sealing layer and tissue interposition between the

suture line and major blood vessels. In 19 of the patients, the anastomoses were wrapped with a vascular-

ized tissue flap. In 15 patients, the airway was buttressed with a pedicled omental flap, our first choice for

this type of support. In 2 patients, in whom the omentum was unavailable due to a prior gastrectomy, a

pericardial fat pad flap was accepted in 1 and a pedicled intercostal muscle flap in the second whose 

pericardial fat pad was insubstantial. In 3 additional cases, the sternohyoid muscle was interposed between

the anastomosis and the brachiocephalic artery in 1 patient, the sternohyoid muscle was placed between

the tracheal anastomosis and the esophagus in the second patient, and no flap was used in the third

patient who had received only 4,200 cGy of irradtiation 12 months prior to operation. Hilar releases and

suprahyoid laryngeal releases were used freely as indicated (32%). Fifteen of the 22 patients had under-

gone prior surgery in the area of resection. Tracheal resection and reconstruction was accomplished in 

20 patients and mainstem sleeve resections in 2. The cervical trachea was resected in 7 cases, the midtrachea

in 8, and the carina or distal trachea in 5.

One patient died following development of respiratory distress syndrome after a right carinal pneu-

monectomy. The patient with late stenosis due to Hodgkin’s lymphoma died after his anastomosis had sep-

arated and innominate artery hemorrhage ensued. Although no active lymphoma was detected, the trachea

was encased in massive scar, presumed to have resulted from regression of his original pathology. The qual-



ity of tracheal wall used for the anastomosis was unsatisfactory. This dehiscence occurred despite an omen-

tal wrap. Two subsequent patients with the same pathology were treated preferentially with T tubes.

One of the surviving patients, in whom a paratracheal abscess was encountered at resection of a

necrotic tumor, suffered a dehiscence of the anastomosis, which was treated with placement of a T tube and

an omental wrap. Two other patients developed wound infection, with granulations at the anastomotic site

occurring in 1 of them. One patient, who had stenosis induced by primary irradiation, suffered a recurrent

stenosis that required continued dilations. Seventeen of the 19 survivors had excellent results with no evi-

dence of exertional dyspnea. The other 2 patients had dyspnea with moderate exercise.

Two subsequent patients, who underwent upper tracheal resection for squamous tracheal carcinoma

after full-dose irradiation years previously for carcinoma of the base of the tongue and of a vocal cord, and

who were buttressed with omentum, developed late (about 2 weeks after resection) limited necrosis of a

portion of the anastomosis. Both were managed with T tubes. One of them healed slowly, with full epithe-

lization. However, a partial stenosis occurred at the anastomosis and this was treated with an expandable

uncoated stent, apparently successfully. The other patient is under treatment and may evolve similarly.

Shrager and colleagues recently described 14 patients who underwent prophylactic omental wrapping

of high-risk tracheobronchial anastomoses.7 These included 4 carinal pneumonectomies and 10 tracheal

reconstructions, a number of which had received prior irradiation. Primary healing was attained in 12

patients. One, previously noted here, had been remotely irradiated for Hodgkin’s lymphoma. Omentum was

also used in 20 lung transplantation patients with 19 successes, in 7 cervicomediastinal exenterations with

success, and in 6 pneumonectomy patients thought to present special risk (irradiation in 4, immunosup-

pression in 3, and infection in 3). Four of the pneumonectomy patients healed without complication. The

overall success in these patients was 89%. Thirteen of 15 patients with complex postpneumonectomy broncho-

pleural fistulae were successfully closed with omental transposition and reclosure of a bronchial stump.

With careful surgical technique and avoidance of excessive tension on tracheal and bronchial anasto-

moses and of interruption in blood supply, separation or stenoses are relatively uncommon. Massive necro-

sis, such as that described in our earliest patient, has not subsequently been seen. With the known effects

of irradiation on tissue healing, it becomes important to approach the patients in whom this factor is pre-

sent with great caution. The limited experience described indicates that airway reconstruction can be per-

formed fairly safely in irradiated patients, despite the hindrance to healing that radiation causes. The use of

vascularized tissue flaps and preferably the omentum to enhance blood supply and fibroplasia is always

advised. In this group of patients, there is unquestionably a greater likelihood of anastomotic problems,

including localized necrosis and subsequent evolution to stenosis or malacia. Ultimately, the final resort in

such patients may be to use a permanent T tube or other type of stent.
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Postpneumonectomy 
Bronchopleural Fistula

Incidence

Risk Factors

Prevention

Diagnosis

Management

Cameron D. Wright, MD

Bronchopleural fistula following pneumonectomy remains a dreaded complication, despite advances in

thoracic surgical care. Postpneumonectomy bronchopleural fistula is often associated with an empyema,

although some early fistulae have a sterile hemithorax. Most bronchopleural fistulae are a result of a faulty

mechanical closure of the main bronchial stump. An empyema may cause a fistula by necessitatising

through the previously closed bronchus. Late bronchopleural fistulae are usually the result of an empyema

acquired either by pleural soilage or hematogenous spread. Treatment of a bronchopleural fistula usually

entails treatment of both the bronchopleural fistula and empyema. Despite appropriate treatment, mortal-

ity remains high in patients with postpneumonectomy bronchopleural fistula.

Incidence

The incidence of postpneumonectomy bronchopleural fistula varies in large series, ranging from 0 to 12%

(Table 43-1).1–9 Many factors probably contribute to this variation, such as the number of patients with

infectious lung disease, induction treatment, and attention to detail in the perioperative period, but the

major factor is likely to be the technical details in closing the main bronchus stump. In general, there

appears to be a lower risk of postpneumonectomy bronchopleural fistula with sutured closure as opposed

to stapled closure (see Table 43-1). An incidence of greater than 5% should give cause for concern to a sur-

geon or thoracic surgery unit, and prompt examination of the closure methods used.

Risk Factors

Many putative risk factors for postpneumonectomy bronchopleural fistula exist and seem to be evident

(Table 43-2). Right pneumonectomy is thought to be a risk factor since the right bronchus projects uncov-

ered into the hemithorax after pneumonectomy, whereas the left bronchus retreats deeper into the medi-

astinum under the aortic arch. Radiation given long before surgery seems to be more of a risk factor than

radiation given immediately preoperatively. Radiation doses exceeding 50 Gy are associated with higher
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rates of bronchopleural fistula in induction programs.10 Many reported studies lack sufficient numbers to

make meaningful statistical statements regarding risk factors. Reported risk factors by multivariate or uni-

variate analyses include right pneumonectomy,4,6,7 postoperative ventilation,6,9 pleuropulmonary infec-

tion,6 cancer in the stump,4,9 radiation therapy,4,8 diabetes mellitus,4 experience of the surgeon,5 and induc-

tion chemoradiotherapy.8

Prevention

The optimal approach to postpneumonectomy bronchopleural fistula is prevention. Patients with infections

that might result in empyema should be optimally treated medically prior to pneumonectomy, including use

of the appropriate antimicrobial therapy. Resection for tuberculosis requires prolonged preoperative anti-

tuberculosis therapy (generally at least 3 months) unless done for emergency indications. Excessive bronchial

devascularization should be avoided by ligation of bronchial arteries close to the bronchial transection point

rather than more proximal. Excessive use of cautery (as opposed to fine suture ligation) to control large

bronchial arteries is to be avoided in order to minimize ischemic and necrotic tissue around the bronchus.

Inexperienced surgeons often make the stump too long, creating a reservoir which can harbor infected secre-

tions. Transection of the bronchus should be done by sharp division to minimize tissue trauma (avoiding

electrocautery). Clamping the proximal bronchus risks injury to the microcirculation of the stump and

seems wise to avoid. The mucosal point to be closed should be visually inspected to make sure it is free of

cancer (by bronchoscopy if a stapler is used) and frozen section analysis should be performed if there is any

suspicion of residual disease. The particular method of bronchial closure is very individual and controversy

remains as to what method is best. No randomized trial data exist to allow statistically valid comparisons.

Review of reported retrospective series (see Table 43-1) suggests that hand suturing leads to somewhat lower

rates of bronchopleural fistula than stapled closure. In fact, the only two large series that report no broncho-

pleural fistulae are from an unusual tension-reducing hand-sewn method reported by Gordon Jack.1,2 Jack’s

Table 43-1 Bronchopleural Fistula after Pneumonectomy

Number of Incidence Risk

Author Year Pneumonectomies BPF % Closure Factors Mortality %

Jack1 1965 450 0 Sutured NA NA

Sarsam and 1989 332 0 Sutured NA NA

Moussali2

Vester et al3 1991 489 4.1 Stapled NS NS

Asamura et al4 1992 464 4.5 Sutured Cancer, RT, 71

DM

Al-Kattan et al5 1994 530 1.3 Sutured Experience 29

Wright et al6 1996 256 3.1 Sutured Postop 25

ventilation,

R side

Hollaus et al7 1997 797 12 Stapled R side, Male 67

Hubaut et al8 1999 209 2.4 Sutured Neoadjuvant 40

therapy

de Perrot et al9 1999 67 9 Stapled Postop 43

ventilation,

Cancer

BPF = bronchopleural fistula; DM = diabetes mellitus; NA = not applicable; NS = not stated; R = right; RT = radiation therapy.



method is shown in Figure 43-1 and is most applicable when a cancer encroaches close to the carina, mak-

ing a stapled closure impossible and an ordinary sutured closure problematic. This technique aims to reduce

tension on the suture line and thus reduce the mechanical stress that promotes failure of bronchial closure.

Another way to reduce tension on the suture line is to cut the bronchus so that a flap of the membranous

wall is left longer to rotate up to the divided cartilage (Figure 43-2). This technique was originally popular-

ized by Lyman Brewer and colleagues11 and is used in our unit. Closure of the evenly divided bronchus with

the typical rigid cartilage ring invariably leads to tension and is probably one of the causes for the slightly

higher rate of bronchopleural fistula with the stapler. Good results have been reported with permanent

monofilament (Prolene) and braided absorbable (Vicryl) sutures. Nonabsorbable braided sutures (silk and

polyester) are to be avoided as granulomas have been reported. Tying the sutures should be done very care-

fully as the membranous wall is easily torn (especially in women and patients on steroids), leading to very

troublesome stump leaks. If a stapler is used (not my preference), it must be used just as carefully as if a

hand-sutured closure is done. When closing a main bronchial stump, a 4.8 mm staple height should be used

to avoid excessive crushing and resultant ischemia of the bronchial stump. One of the disadvantages of using

a stapler is that not all stumps can be closed with a stapler, leading the surgeon to close a difficult stump

without much experience or confidence in a sutured closure.

Vascularized tissue coverage of the closed main bronchial stump is probably an important compo-

nent to reduce the incidence of bronchopleural fistulae, especially if risk factors (radiation, right pneu-

monectomy) exist. In 1942, Rienhoff and colleagues reported the first detailed study of bronchial healing

after pneumonectomy (both experimentally in dogs and clinically in humans) and concluded that the

bronchus healed by scar formation at the divided end of the bronchus.12 In 82% of the experimental ani-

mals, the primary closure with sutures failed, and healing occurred by secondary intention aided by local

mediastinal tissue at the cut end of the bronchus. This fact led Rienhoff to the concept of buttressing the

closure (which he viewed as temporary only) with local tissue coverage of the stump, both experimentally

and in humans. Smith and colleagues reported an experimental study of stapled main bronchial closures

and reported primary healing of only 50% of all stapled bronchi.13 Hence, whether the surgeon sutures or

staples the bronchus, a fair proportion of bronchi will heal by secondary intention with the aide of local

mediastinal tissues. Since there is little disadvantage to placing a flap over the bronchus, it seems to be a
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Table 43-2 Possible Risk Factors for Postpneumonectomy Bronchopleural Fistula

Pleural Factors

Empyema

Lung abscess

Bronchiectasis

Tuberculosis

Fungal infection

Technical Factors

Right pneumonectomy

Experience of surgeon

Bronchial devascularization

Mediastinal lymph node dissection

Residual disease at bronchial mucosa

Excessive stump length

Bronchial closure under tension

Postoperative Factors

Mechanical ventilation

Adjuvant Factors

Radiation therapy

Chemotherapy

Bronchial artery embolization

Systemic Factors

Diabetes mellitus

Chronic steroid therapy

Immunosuppression

Malnutrition

Advanced age
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prudent precaution. In 1953, Brewer and colleagues reported favorable results with the pericardial fat pad,

both experimentally and clinically.11 The incidence of bronchopleural fistula in humans was reduced from

8% to zero in a consecutive case series with routine use of this flap. Current options include pleura, local

mediastinal tissue, pericardium, pericardial fat pad, intercostal muscle, pedicled diaphragm, chest wall

muscles (serratus or latissimus), and the omentum.14–17 Our preference is intercostal muscle or the peri-

cardial fat pad for low-risk closures, and extrathoracic muscles or the omentum for high-risk closures.

Pleura is usually too thin and flimsy to provide adequate coverage. The tissue flap should be carefully

sutured around the circumference of the main bronchus to ensure adequate coverage.

Prolonged drainage of a sterile hemithorax after pneumonectomy is to be avoided since the chest

tube can act as a site of ingress by skin bacteria, turning the site into a perfect culture medium of pleural

fluid. When pleural contamination has occurred intraoperatively (such as a ruptured lung abscess), addi-

tional measures should be employed beyond culturing the pus, copious irrigation of the cavity, and pro-

FIGURE 43-1 Gordon Jack’s method of closure after right
pneumonectomy. A, Transverse line of bronchial division is
shown. The posterior line of tracheobronchial division to facil-
itate closure is indicated proximally. B, Anterior line of
tracheobronchial incision is indicated. C, Closure of the trachea
and bronchus. Adapted from Sarsam MA and Moussali H.2 
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longed postoperative antibiotics. We have found it useful to irrigate the hemithorax postoperatively

through a high anteriorly-placed intercostal catheter, with drainage through a basilar intercostal catheter

connected to an underwater seal drainage. Irrigation for several days with warm saline containing dilute

antibiotic selected by intraoperative cultures has met with uniform success in preventing postoperative

empyemas. We considered this to be a “preemptive” Clagett procedure.

Diagnosis

The diagnosis of postpneumonectomy bronchopleural fistula can be very difficult if only a pinhole fis-

tula exists, or it can be very easy if a large bronchopleural fistula occurs with expectoration of copious

amounts of serosanguineous fluid. Bronchopleural fistulae that occur early postoperatively do not usu-

ally present with infection but rather dyspnea and cough. Aspiration of even small amounts of pleural

fluid into the remaining lung can cause an almost continuous irritative cough and can lead to severe res-

piratory distress and adult respiratory distress syndrome (ARDS). Expectoration of large amounts of

brown fluid after a pneumonectomy is rare, but is pathognomonic of a bronchopleural fistula. With an

early bronchopleural fistula, patients often have low-grade fever, elevated heart rate and respiratory rate,

and leukocytosis. Later presentations of postpneumonectomy empyema are often those of indolent
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FIGURE 43-2 Lyman Brewer’s method of main bronchial
stump closure after pneumonectomy, with a posterior
membranous wall flap to reduce tension on the suture line.
Adapted from Brewer LA et al.11
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infection. Fatigue, weight loss, dull deep chest discomfort, poor appetite, cough, low-grade fever, and

night sweats are seen. A high index of suspicion is necessary to make the diagnosis, especially in the very

late postoperative period.

The classic radiographic finding is lowering of the fluid level in the hemithorax (Figures 43-3A,B).

Caution must be used in interpreting early postoperative films that are done portably, and therefore, the

degree of uprightness and location of fluid level may vary. Ventilation scan may be useful in diagnosing

occult bronchopleural fistulae by observing xenon gas in the operated hemithorax.18 Computed tomogra-

phy (CT) scans of the chest can be very helpful, especially in patients presenting late (Figure 43-4). Despite

an opacified hemithorax by plain radiography, a CT scan can demonstrate air around the stump, which

suggests bronchopleural fistula. The amount of residual fluid can be ascertained, the length and position of

the bronchus can be delineated, the status of the remaining lung can be examined, and the possibility of

locoregional recurrence of neoplasm can be documented.

Thoracentesis of the pneumonectomy space can be readily performed if an occult empyema is sus-

pected. Careful sterile aspiration is necessary in order not to infect the space if it is indeed sterile. Patients

diagnosed late have thickened pleura and markedly elevated hemidiaphragms, making thoracentesis more

difficult. Ultrasound guidance and long needles are often helpful. Bronchoscopy is always an important

step in thorough evaluation of a patient for possible bronchopleural fistula. Bronchoscopy can be per-

formed in the early postoperative patient under local anesthesia with proper sedation and monitoring.

Valuable information can be gained, such as the state of the bronchial closure, and presence of space fluid

and infected secretions in the remaining lung. Watching a patient cough under local anesthesia while exam-

FIGURE 43-3 A, Chest radiograph, 5 days after right pneumonectomy, with typical high air–fluid level. B, Chest radiograph of the same
patient, 1 day later after cough and dyspnea were reported by the patient. Notice the drop in the air–fluid level. Subsequent investigation
demonstrated a very small bronchopleural fistula.
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ining the stump may help to diagnose occult fistulae. The absence of a fistula at bronchoscopy does not

eliminate the possibility of a pinhole fistula.

The differential diagnosis of an early postoperative postpneumonectomy bronchopleural fistula is

fairly broad and includes pneumonia, ARDS, fluid overload, pulmonary embolism, myocardial infarc-

tion, and postpneumonectomy pulmonary edema.

Management

Immediate Treatment

Upon strong suspicion or diagnosis of an early postpneumonectomy bronchopleural fistula, the patient

should be positioned in the lateral decubitus position with the operated side down and the head of the bed

elevated to prevent further aspiration of noxious and potentially infected space fluid into the remaining lung.

Intercostal catheter drainage of the space should then be performed to eliminate the risk of drowning the

remaining lung with pleural fluid. Usually, the diaphragm is elevated almost to the level of the typical 

posterolateral thoracotomy incision, so chest tube insertion should be higher than usual. Culture of the pleural

fluid and sputum should be performed and appropriate antibiotics administered. Patients who sustain an

injury to the remaining lung and require mechanical ventilation present a major challenge in management.

Selective ventilation of the remaining lung is usually required, either by selective intubation of the normal

bronchus by an uncut standard endotracheal tube (confirmed by bronchoscopy) or by a double-lumen endo-

tracheal tube. Early bronchoscopy is necessary to confirm the fistula and assess the degree of disruption of the

closure. Patients with pinhole fistulae may close with drainage alone or with endoscopic glue techniques. Most

fistulae involve separation of a significant amount of the bronchial closure and require urgent reclosure.
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FIGURE 43-4 Computed tomography (CT) scan of the chest of a patient, 6 months after right pneumonectomy complicated by
a bronchopleural fistula. The empyema space is drained by a large bore catheter. Notice the markedly thickened pleura. The
bronchial stump is widely dehisced.
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Historically, treatment of an early postpneumonectomy bronchopleural fistula was usually by closed

drainage (until the mediastinum became stable), followed by prolonged open drainage and then reclosure

of the fistula. This approach is no longer appropriate for the majority of patients diagnosed early, who can

be treated by urgent reoperation and reclosure of the operated stump. Since the majority of these patients

do not have truly infected spaces, there is a good chance for success with immediate reclosure. Patients

without grossly purulent fluid and who have reasonable function in the remaining lung are candidates for

urgent reoperation. In our own unit, we have successfully closed early postpneumonectomy broncho-

pleural fistulae as late as 37 days postoperatively (range 1 to 37 days, mean 12 days).6 The important point

is not the exact postoperative day but the underlying condition of the patient. Bronchoscopy to assess the

fistula and to perform tracheobronchial toilet of the remaining lung is important. The intact bronchus is

selectively intubated with a long endotracheal tube, preferably with a flexible distal segment. The tube is

positioned bronchoscopically. The thoracotomy wound should be reopened and all fluid and fibrinous

debris removed. Necrotic or obviously infected mediastinal tissue should be débrided. The stump must be

débrided back to healthy tissue and reclosed with fine interrupted sutures (absorbable monofilament or

multifilament). Extra attention needs to be paid to minimizing tension on the closure by resecting more of

the anterior cartilaginous wall than the posterior membranous wall to allow the posterior wall to serve as

a flap. This closure should be considered a temporary one, and it should be buttressed ideally with either

intercostal muscle, extrathoracic muscle, or the omentum. In this high-risk situation, the vascularized tis-

sue buttress should be sutured to the bronchus very carefully as if it were an anastomosis. The chest cavity

should be extensively irrigated after the flap is placed and irrigation and drainage catheters placed as pre-

viously described for a “preemptive” Clagett procedure. Irrigation with warm saline (with dilute anti-

biotics) is continued for several days until the chest tube effluent is confirmed to be sterile by culture and

Gram stain. Immediate reclosure with vascularized tissue coverage and postoperative irrigation was suc-

cessful in all 5 patients from our unit treated early for postpneumonectomy bronchopleural fistula.6 de Per-

rot and colleagues reported success in 3 of 4 patients treated in a similar fashion.9 Gharagozlov and col-

leagues reported uniform successes in all 22 of their patients treated similarly.19

Patients with severe lung injury, who require ventilation and who are critically ill, and those pre-

senting late with an established empyema, all require open drainage. Simple chest tube drainage alone is

inadequate since a dependent pool of pus remains in the chest. This can be readily visualized by looking

through the fistula or the chest tube tract with a flexible bronchoscope. One option is a rib resection and

placement of a large empyema tube (our unit uses soft silicone Montgomery salivary bypass tubes made

by Hood) in a dependent portion of the chest for drainage and irrigation. My preference for drainage is

an open window thoracostomy (Eloesser window) with daily dressing changes. This is usually done by

reopening the anterior aspect of the thoracotomy incision and resecting two or three ribs for 5 or 10 cm

and then suturing the skin to the pleura to create a permanent stoma. The advantages of this approach

include being able to inspect the entire cavity daily, elimination of retained infected material in the chest

cavity, the débriding action of dressings, and the absence of a tube resting against the ribs which some-

times causes significant discomfort. Daily dressing changes can subsequently be carried out by a visiting

nurse or the patient’s family. Closure of the fistula is described below.

Endobronchial Treatment

A minority of patients with a very small postpneumonectomy bronchopleural fistula have been success

fully treated by bronchoscopic delivery of a glue or sclerosing agent (Table 43-3).20–23 Most authors report

success only in small fistulae (usually less than 5 mm), and no success has been reported in patients with a

totally open bronchial stump. Silver nitrate was originally used to stimulate granulation tissue but with 

relatively poor results. Acrylic tissue glues have been used to occlude fistulae but they are difficult to use



due to quick setting of the glue once the two components of the glue are mixed (and may glue the biopsy

port of the bronchoscope closed!). Fibrin glue is increasingly reported as being useful in the management

of small fistulae, perhaps since it is now commercially available. Polidocanol, an agent used for endoscop-

ic sclerosis of esophageal varices, has been reported to be useful to stimulate granulation tissue which may

occlude a fistula. The underlying empyema, if present, must of course still be treated.

Minimally Invasive Treatment

Video-assisted thoracoscopic closure of a postpneumonectomy bronchopleural fistula has been reported,

using a stapler to reclose the bronchus.24 This approach requires that a long stump be present, and closure

must be done early enough to allow ready separation of the bronchus from the adjacent mediastinal tissue.

Satisfactory harvesting and anchoring of a tissue flap is very difficult with this approach, thus limiting its

application. An interesting transmediastinal approach via a cervical mediastinoscopy incision has been

reported, using a videomediastinoscope.25 This approach also requires the presence of a long bronchus and

subsequent stapled closure by an endoscopic linear stapler introduced along the pretracheal plane. This

approach does not allow coverage of the stapled bronchus and does not allow removal of the distal blind

bronchial segment. Infection in the chest cavity must be treated if present.

Treatment of Chronic Postpneumonectomy Bronchopleural Fistula

Anterior Transsternal Approach. An anterior approach to closure of a postpneumonectomy bron-

chopleural fistula was reported by Padhi and Lynn in 1960, using an anterior thoracotomy, and was mod-

ified by Abruzzini in 1961, using a median sternotomy.26,27 This approach was originally advocated for

patients with long bronchial stumps and was thought to be an advantage since the operation was largely

carried out through an undisturbed field. After a median sternotomy is performed, the anterior trachea and

carina is exposed by retracting the superior vena cava laterally (see Figure 23-7 in Chapter 23, “Surgical

Approaches”). Entry into the pericardium is usually necessary. Reamputation of the main pulmonary

artery stump is sometimes necessary. Closure of the exposed main bronchus can then be performed either

by sutures or staples. Dissection of the distal (fistula end) end of the bronchus can be exceedingly difficult

due to the narrow confines of the operative field. Division of the stapled bronchus is critical to allow the

bronchus to heal, since simply stapling the bronchus shut will invariably lead to recanalization because

apposed mucosal surfaces do not heal together. If the divided but unresected distal bronchus is left in situ,

then a mucocele or infection may develop or a repeat fistulization may occur. These undesirable conse-

quences may be reduced by cauterization and destruction of the bronchial mucosa or resection of the

remaining stump. If this approach is chosen, then strong consideration should be given to transposing the

omentum (see Chapter 42, “The Omentum in Airway Surgery and Tracheal Reconstruction after Irradia-

tion”) at the same time to cover the reclosed stump. A sternohyoid muscle may be dissected through a cer-

vical collar incision and pedicled to cover the bronchial closure. Again, the empyema cavity must be dealt

with by a separate approach. The advantage of this approach includes operating through a relatively 

Postpneumonectomy Bronchopleural Fistula 823

Table 43-3 Endobronchial Closure of Bronchopleural Fistulae

Author Year Number of Patients Substance Used Success (%)

Scappaticci et al20 1994 12 Cyanoacrylate 83

Torre et al21 1994 16 Fibrin glue 50

Hollaus et al22 1998 36 Fibrin glue 31

Varoli et al23 1998 35 Polidocanol 66
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uninvolved field by a muscle-sparing incision. Disadvantages involve contaminating the mediastinum,

pericardium, and sternum, having major vascular structures surround and limit access to the bronchus, the

problem of the divided (but unresected) bronchial stump, reduced (or nonexistent) efficacy in treating

patients with short stumps, and the need to still deal with the empyema cavity by a separate approach.

Patients with deep barrel chests and those with marked ipsilateral mediastinal shift are especially difficult

to manage by this approach. If the mediastinum has previously been irradiated, then the procedure can

become very difficult and dangerous. Several series are reported in Table 43-4 with success rates of 50 to

70% and mortality rates of 0 to 24%.28–31 Perelman28 and Ginsberg29 and their colleagues have reported giv-

ing up on this approach and only use it if the lateral approach is no longer feasible.

Lateral Approach (Ipsilateral Hemithorax). Reopening the original posterolateral thoracotomy incision is

almost always the approach of choice for large, chronic bronchopleural fistulae after pneumonectomy. Usu-

ally, rib resection is advantageous in reopening the thoracotomy, due to contraction and calcification of the

hemithorax. The pleura is usually very thickened (often more that 1 cm) and must be fully opened to

expose the usually small hemithorax. Most fistulae are immediately evident or can be made so by positive

pressure ventilation. If doubt exists as to the exact location of the bronchus, intraoperative bronchoscopy

can delineate the bronchus with the aid of transillumination. The thickened pleura, which can be calcified

if very late, must be carefully dissected off the end of the bronchus to fully expose it. By staying directly on

the wall of the bronchus, inadvertent injury of the contiguous pulmonary artery, superior vena cava, and

superior pulmonary vein can usually be avoided. Once the dense scar overlying the mediastinum has been

opened, the deeper tissues are not infrequently less scarred and easier to dissect. If the patient has received

irradiation, then dissection may be exceedingly difficult. In order to avoid injury to major vessels, it is

sometimes advisable to open the pericardium and re-divide the stump of pulmonary artery and superior

vein more centrally. Irradiation may also obliterate the pericardial space, making dissection beneath the

pericardium difficult. Another helpful maneuver on the right is to discover and follow the esophageal bor-

der to the plane posterior to the bronchus.

If the bronchus is long, it can be débrided back to healthy tissue, similar to that described in the acute

situation. Reclosure with fine interrupted absorbable sutures can then be performed. This closure is again

done with the expectation that a fair percentage will fail, mandating that a second layer of pedicled vascu-

larized tissue be carefully sewn around the closure. Our preference is for the pedicled gastrocolic omentum

based on the right gastroepiploic artery and transposed retrosternally (see Chapter 42, “The Omentum in

Airway Surgery and Tracheal Reconstruction after Irradiation”). Other groups prefer extrathoracic muscle,

usually the serratus anterior. The advantages of the omentum include its angiogenic abilities to facilitate

neovascularization, its ability to fight infection, and its ability to conform to the underlying nooks and cran-

nies of the empyema cavity. It has been employed successfully where prior muscle flaps had failed. If the

bronchus is quite short and can not be closed, it is sealed instead by carefully suturing the muscle or omen-

Table 43-4 Transsternal Closure of Postpneumonectomy Bronchopleural Fistula

Number of Successful Mortality

Author Year Patients Closure (%) (%)

Perelman et al.28 1987 39 74 23

Ginsberg et al.29 1989 13 77 0

Stamatis et al.30 1996 19 74 11

Brutel de la Riviere et al.31 1997 55 49 24



tal flap circumferentially around the edges of the open bronchus. The bronchus will subsequently reepithe-

lialize as it heals. Obviously, planning and conducting the operation so that the patient can be extubated and

breathe spontaneously at the conclusion is very important to minimize the chances of a repeat fistula. In rare

circumstances, a right-sided approach may be used for a left-sided fistula with a very short bronchial stump.

Advantages of the lateral approach include the opportunity to deal with the empyema cavity through the

same incision, ability to resect the entire redundant bronchial stump (if present), and wide access to the

bronchus. The results of our own unit, reported by Puskas and colleagues in 1995,32 compare very favorably

with the anterior transsternal approach (Table 43-5).33–35 We found the omentum to be more effective (92%)

than muscle (64%) for maintaining secure closure of chronic bronchopleural fistulae.32 It has also been suc-

cessful in closure of chronic fistulas in patients who had received high-dose mediastinal irradiation.32

Space Management. Following closure of a postpneumonectomy bronchopleural fistula, the space may

be managed by continued drainage, the Clagett procedure, tissue transposition to fill the space, thoraco-

plasty, or a combination of these procedures. Continued wide drainage is appropriate for spaces that are

still heavily contaminated. Closure by another method can be accomplished at a later date or deferred, espe-

cially if, for oncologic reasons, a poor outcome is expected. In 1963, Clagett and Geraci reported a tech-

nique to successfully close an infected pneumonectomy space that was relatively easy to accomplish and

that involved little morbidity.36 Clagett’s technique involved creation of a large open window thoracostomy

to facilitate debridement and cleansing of the empyema space and return of healthy granulation tissue cov-

ering the walls of the cavity. Once the patient is in good clinical shape with a visually clean space, cultures

are taken to determine the types of bacteria present and their antibiotic sensitivities. The patient is hospi-

talized, administered appropriate intravenous antibiotics, and the space is irrigated repetitively over several

days with the same antibiotics. Finally, the thoracostomy stoma is closed after filling the cavity with antibi-

otic solution. Despite this apparent violation of surgical principles (ie, closure of a contaminated space),

this procedure usually works. In our experience, the procedure was successful on the first attempt in 60%

of the patients and was ultimately successful in 80% (after two to three attempts).

Transposition of vascularized tissue into the empyema cavity both obliterates the cavity and provides the

assistance of healthy tissue in managing the contaminated but clean cavity.34,37 The omentum and serratus

anterior, latissimus dorsi, pectoralis major, and rectus abdominis muscles have all been used to fill the cavity.

The size of a postpneumonectomy cavity is quite variable; small cavities are obviously ideal for closure by this

technique. Thoracoplasty, once used as first-line treatment of postpneumonectomy bronchopleural fistulae, is

now relegated to the treatment of last resort due to its functional and disfiguring limitations.33,38 It is most 

commonly used in conjunction with muscle transposition, when the amount of tissue available is insufficient

to fill the space. A tailoring thoracoplasty is done to obliterate a cavity where necessary. Kergin’s modification

of the Schede thoracoplasty, by leaving the intercostal muscles attached at both ends, is preferred.39
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Table 43-5 Closure of Postpneumonectomy Bronchopleural Fistula by Lateral Thoracotomy and 

Tissue Transfer

Number of Successful Mortality

Author Year Patients Closure (%) (%)

Perelman et al.28 1987 37 95 3

Puskas et al.32 1995 31 86 10

Jadczuk33 1998 8 100 0

Duan et al.35 1999 32 94 0
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Summary

John C. Wain, MD

Achieving a successful anastomosis of the airway has been an elusive goal in the development of lung trans-

plantation. The airway anastomosis has been properly termed the “Achilles heel” of lung transplantation.

Impaired healing at this site was a consistent impediment to successful human lung transplantation in the

past, accounting for the majority of deaths in patients surviving more than 10 days following the transplant

procedure. However, systematic investigations into the processes involved in the healing of airway anasto-

moses have resulted in the evolution of techniques that now allow for routinely successful results in most

transplant patients.1,2

Three important factors for effective airway anastomosis have been identified in lung transplant

patients. The first and most important issue relates to preservation of the blood supply of the airway. The

distal trachea and bronchi are supplied primarily from the bronchial circulation.3 The anatomy of this cir-

culation and the maneuvers required to preserve airway perfusion by it are the most critical issues to be

addressed in regards to the transplant airway anastomosis. A second determinant of a successful airway

anastomosis is the immunosuppressive regimen used in lung transplant patients. Rejection in the trans-

planted lung may impair airway healing by compromising perfusion at the anastomotic site4 and by the

indirect effects of mechanical ventilation and other therapies instituted for the management of concomi-

tant respiratory failure. The use of immunosuppressive regimens based on cyclosporine or FK-506

(tacrolimus) has markedly diminished the incidence of rejection-related postoperative graft failure. This

improved immunosuppression may therefore augment anastomotic healing by diminishing the adverse

effects of rejection on airway.

A third factor impacting on the transplant airway anastomosis is the use of high dose steroids. The poten-

tial adverse effects of steroids on the healing of airway anastomoses are numerous. The anti-inflammatory and

lympholytic effects of steroids impair the process of wound healing in general. The use of steroids has been

associated with anastomotic complications in other types of airway surgery.5 In lung transplants, steroids have

been shown to explicitly impair the healing of bronchial anastomoses and are associated with an increased

incidence of bacterial sepsis.6 Despite these findings, the routine use of steroids following lung transplantation
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has not been associated with impaired anastomotic healing in clinical circumstances when airway blood supply

is meticulously preserved and cyclosporine-based immunosuppressive regimens are used.7 The pertinent 

conclusion from this finding is that, of the factors related to the outcome of a transplant airway anastomosis,

preservation of blood supply and a cyclosporine-based immunosuppressive regimen are more significant

determinants of successful anastomotic healing than the avoidance of steroid use per se.

Anatomy of the Bronchial Circulation

Preservation of the blood supply of the donor and recipient airway is the most critical factor in obtaining a

successful airway anastomosis in transplant patients. The primary blood supply to the common sites of anas-

tomosis, the distal trachea and main bronchi, is derived from the bronchial circulation. A thorough under-

standing of the anatomy and physiology of this circulation is important in the management of the airway in

lung transplantation. The bronchial circulation arises embryologically from the primitive pulmonary plexus,

formed from the ventral branches of the dorsal aorta. The sixth branchial arch forms the pulmonary arter-

ies, which invade the lung buds and fuse with the separately formed pulmonary microvasculature. The pul-

monary and bronchial arteries therefore share a related embryologic derivation, which endures in the adult

as a network of extensive anastomotic communications between the two systems, although the sites of ori-

gin of the respective circulations are by then separated into systemic and pulmonic circuits.

The bronchial arterial circulation may be divided into anterior branches, arising from the subclavian,

internal mammary, or coronary arteries, and posterior branches, arising from the thoracic aorta or inter-

costal arteries. Anterior branches are uncommon and assume clinical significance only in instances in

which the posterior branches are interrupted, such as following en bloc heart-lung transplantation. In these

instances, anterior branches, particularly from the coronary circulation, provide significant systemic 

collateral blood flow to the airway for anastomotic healing and maintenance of structural integrity of the

tracheobronchial tree.8

The branches of the posterior circulation are divided into left- and right-sided arteries. A left

bronchial artery arises directly from the descending thoracic aorta in over 90% of cases. A right bronchial

artery arises in relationship to a right intercostal artery as a right intercostobronchial artery (RICBA) in

95% of cases. Additional right- and left-sided bronchial arteries may arise directly from the aorta or from

ipsilateral intercostal arteries. The most common patterns of posterior bronchial circulation consist of one

right and two left bronchial arteries (in approximately 25% of patients) or two right and two left bronchial

arteries (in approximately 20% of patients). The RICBA arises from the descending thoracic aorta, cross-

ing posterior to the esophagus and then passing between the azygous vein and the esophagus to the right

main bronchus (Figure 44-1). It serves as a common trunk for the first or second right intercostal artery

and the right bronchial artery. The RICBA supplies the right main bronchus and carina, and may supply

the left bronchial tree as well, through subcarinal collaterals (Figure 44-2). This branch is useful for direct

bronchial revascularization following en bloc double lung transplantation.9,10

The bronchial arteries enter the lungs through the hila and divide within the peribronchial connective

tissue sheath surrounding the main bronchi. Typically, two or three branches of the bronchial artery wind

around the wall of the bronchus, supplying the bronchial tree to the level of the terminal bronchioles. The

diameter of the vessels decreases in size from 1.5 mm at the hilum to a 0.5 mm diameter at a broncho-

pulmonary segment. The arteries anastomose freely, forming a peribronchial plexus, and also bear branches that

penetrate the wall to the bronchial mucosa, forming a submucosal plexus (Figure 44-3). Additional branches are

given off to the visceral pleura, the lymph nodes, and the vasa vasorum of the pulmonary arteries and veins.

Along the airways and beyond the terminal bronchioles, bronchopulmonary anastomoses are found.

Two types of large anastomoses have been identified: short, narrow vessels (1 mm × 100 microns) and

longer, wider coiled vessels (20 mm × 400 microns).11 The exact function of these vessels is not known,



although a role in pressure-dependent regulation of bronchopulmonary anastomotic flow via a Starling

resistor mechanism has been postulated.12 These large anastomoses may be found within the pleura, along

the bronchi, and between bronchial arteries and the pulmonary veins. In addition, at the level of the pul-

monary lobules, the bronchial microvasculature merges with the pulmonary capillary network. These 

anastomoses become more numerous at the periphery of the lung.
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FIGURE 44-1 Anatomic location of the right intercostobronchial
artery (RICBA). The RICBA is found in 95% of patients, originating
from the right side of the descending thoracic aorta. It travels
extrapleurally, posterior to the esophagus, and then passes between
the esophagus and the azygous vein to the right main bronchus. The
RICBA commonly bifurcates into a right bronchial artery and an
intercostal artery to the first or second intercostal space. Reprinted
with permission from Schreinemakers HHJ et al.9

FIGURE 44-2 A line drawing from a selective
arteriogram indicating the distribution of the
right intercostobronchial artery. There is
extensive arborization to the distal trachea,
proximal right main bronchus, and carina.
Significant subcarinal collaterals to the left
main bronchus are also demonstrated.
Reprinted with permission from Schreinemakers
HHJ et al.9
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The venous blood from the proximal tracheobronchial tree to the level of the lobar bronchi drains in

an extrapulmonary route via bronchial veins to the azygous and hemiazygous veins. In addition, one or more

deep bronchial veins are found in each lung. These deep veins drain intraparenchymal bronchial blood into

the left atrium or inferior pulmonary vein near its left atrial confluence. In normal circumstances, however,

the majority of intraparenchymal bronchial venous flow passes into the pulmonary circulation at the pre-

capillary level via bronchial veins or the previously mentioned anastomotic pathways (Figure 44-4).

Functionally, flow in the bronchial circulation in the normal state is unidirectional, from

bronchial arteries to both the bronchial veins and the pulmonary circulation via direct anastomoses.

The bronchial veins also empty into the pulmonary circulation. Total bronchial blood flow and anasto-

motic flow in this state is directly proportional to the gradient between systemic arterial pressures and

pulmonary arterial pressures.

The most common technique used for single or double lung transplantation consists of an isolated

lung transplant without bronchial revascularization. In this instance, arterial pressure in the graft bronchial

arteries remains close to zero after implantation of the graft, as the systemic connection to the bronchial

arteries is not restored. Reversal of flow from the pulmonary circulation into the bronchial circulation via

the bronchial venous network occurs, resulting in reperfusion of the peribronchial and submucosal plexi of

the airway.13 The relative contributions of the pulmonary arterial and pulmonary venous anastomoses to

this flow via the bronchial veins is not known, but is likely to be pressure dependent. In addition, the con-

tribution of the two types of direct bronchopulmonary arterial anastomoses to the reversed bronchial blood

flow is not known. Clinical experience suggests, however, that the amount of perfusion achieved by this

FIGURE 44-3 Schematic representation of the bronchial circulation in a bronchiole. The bronchial arterial circulation forms extensive peri-
bronchial and submucosal plexi, which anastomose to bronchial venous plexi in these locations. Reprinted with permission from Deffenbach ME,
Charan NB, Lakshminarayans S, Butler J. The bronchial circulation. Am Rev Respir Dis 1987;135:463–81.



reversal of flow from the pulmonary to the bronchial circulation is sufficient to maintain airway viability and

allow for anastomotic healing.

Techniques of Airway Anastomosis

A crucial tenet of the airway anastomotic technique is precision in both the preparation and execution of

the surgical procedure. The importance of a precise technique is especially underscored in lung transplant

patients in whom the combination of ischemia, histologic incompatibility, and requisite pharmacologic

therapy may combine to create an environment particularly averse to anastomotic healing. Despite differ-

ences in the details of the techniques among various centers, the principle of optimal preservation of air-

way blood supply remains paramount.

Maintenance of airway vascularity begins at the time of procurement of the donor lung tissue.

Improvements in techniques of pulmonary preservation have led to significant improvements in healing of

airway anastomoses.14 At the present time, optimal lung preservation is accomplished by the administra-

tion of a pulmonary vasodilator (eg, prostaglandin E1, prostacyclin) into the central circulation, followed

by perfusion of the pulmonary circuit using either modified Euro-Collin’s or University of Wisconsin solu-

tion at 10˚C. Perfusion is carried out during mechanical ventilation of the lungs at a tidal volume of 10 to

15 cc/kg and a positive end-expiratory pressure of 5 cm of water. The active ventilation of the lungs allows

for optimal distribution of the perfusate and cooling of the parenchyma by this solution. The lungs are then
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FIGURE 44-4 Bronchial arterial and venous circulations. The bronchial arterial circulation to the extraparenchymal airways drains to systemic
venous (azygous) vessels. The bronchial arterial circulation to the intraparenchymal airways may drain to deep veins, which anastomose to the left
atrium or pulmonary veins or into the pulmonary circulation. The majority of flow is via the latter pathway. In addition, direct bronchial
artery–pulmonary artery anastomotic vessels may be found. Reprinted with permission from Deffenbach ME, Charan NB, Lakshminarayans S,
Butler J. The bronchial circulation. Am Rev Respir Dis 1987;135:463–81.
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extracted using a technique that preserves the nodal and pericardial tissues adjacent to the carina and main

bronchi, which contain significant bronchopulmonary collateral vessels. The RICBA and a portion of the

descending thoracic aorta may also be included in the donor bloc when bronchial revascularization using

this vessel is contemplated. The lungs are transported in a partially inflated state (approximately two-thirds

of the total lung capacity), immersed in cold preservation solution at 10˚C.

In spite of these preservation efforts, a postoperative reimplantation response, identified as perihilar

and peribronchial edema, is uniformly seen in patients after lung transplantation. Although this response

does not usually interfere with gas exchange, in up to 15% of cases, graft dysfunction may occur which

requires augmented respiratory support. An intriguing hypothesis is that this reimplantation response is

primarily related to the effects of ischemia or reperfusion in the bronchial circulation.15 Since the bronchial

arterial circulation is not flushed with preservative solutions using current techniques, modification of

these methods to correct this deficiency may further improve lung preservation. An optimally preserved

lung provides the best substrate for a successful airway anastomosis.

Maintenance of donor airway blood supply relates primarily to the preservation of all available broncho-

pulmonary collateral circulation and maximizing reversed flow through this circuit. Keeping “excess” peri-

bronchial tissue intact, including attached nodal and pericardial tissues, is valuable in this respect. The

donor airway is trimmed to within 5 to 10 mm of its first bifurcation to minimize the length of airway that

must be perfused at the periphery of the collateral circulation. Reflection of the peribronchial tissues away

from the airway prior to its final transection preserves additional collateral blood flow within the peri-

bronchial anastomotic plexus. Division of the left atrium to include the identifiable openings of the deep

bronchial vein(s) within the cuff of atrial tissue will assure patency of this collateral channel. Finally, accu-

rate orientation of pulmonary arterial and venous anastomosis, and intraoperative assessment of anasto-

motic pressure gradients, will assure the optimal perfusion is present in the pulmonary circuit to provide

reverse flow into the bronchial circulation (Table 44-1).

Preservation of recipient airway blood supply is achieved by preserving the local systemic arterial

inflow and collateral circulation. The bronchial artery is ligated distally on the native airway, at approxi-

mately the first lobar origin. The artery and surrounding peribronchial tissue containing the anastomotic

plexus is then reflected proximally, away from the wall of the airway. The recipient airway is transected

within the confines of the mediastinum and surrounding peribronchial tissues. Dissection of the proximal

portion of the recipient airway within the mediastinum is confined to the anterior aspect of the cartilagi-

nous wall, to avoid disruption of the segmental vessels located at a midlateral position which may augment

the blood supply of the airway (Table 44-2).

Techniques for approximation of the donor and recipient airway vary among transplant centers.

Basic principles of minimizing mucosal trauma and preventing strangulation of the mural tissues during

suture tying are always followed. Both monofilament nonabsorbable and multifilament absorbable sutures

have been used. Our own technique consists of the use of interrupted 4-0 Vicryl sutures, placed sequen-

tially in a fashion to allow the sutures to be tied on the extramural aspect of the airway. Stay sutures of

Table 44-1 Optimizing Donor Airway Blood Supply

Optimal preservation of donor lung

Preservation of pericardium, peribronchial tissue

Inclusion of bronchial vein orifice in left atrium

Short donor airway segment

Unobstructed pulmonary arterial and venous anastomoses



2-0 Vicryl, placed in a lateral position on both the donor and recipient airway, are used and help to preserve

orientation during suture placement and minimize tension during tying of the 4-0 sutures.

Some authors have emphasized the need for telescoping of the anastomosis, typically with the donor

airway being positioned within the recipient airway.7,16 In general, a size discrepancy between the two airways

is always found and some degree of anastomotic intussusception is commonly seen, as is noted with routine

sleeve-type bronchial resections. The specific use of telescoping the airway in lung transplant patients, in com-

bination with other maneuvers to optimally preserve airway vascularity and promote anastomotic healing,

can not be conclusively demonstrated. In our experience, we have not attempted to achieve a deliberately tele-

scoped anastomosis and have not identified any anastomotic complication related to this approach.

The role of a vascularized wrap of the airway anastomosis in lung transplant patients has been widely

debated. The use of a pedicle of vascularized tissue to wrap the anastomosis has been shown to restore 

systemic flow to the bronchial arterial circulation17,18 and to diminish the incidence of mediastinitis and

bronchovascular fistula.19 The omentum has been most commonly employed as the anastomotic wrap,

although intercostal muscle, pericardial fat, pleura, and thymus have been used. However, proponents of a

deliberately telescoped airway anastomosis have reported excellent results without the use of extrabronchial

tissues to wrap the anastomosis. A recent study showed no difference in airway anastomotic healing in a

comparison of omentum and telescoped anastomoses.20 However, the deliberate telescoping of the donor

into the recipient airway effectively creates a wrap of vascularized tissue, in this case, the recipient airway

with its intact systemic arterial circulation, about the site of anastomosis. The use of some method of anas-

tomotic wrap, therefore, is an integral part of the anastomotic technique in lung transplantation. Our own

practice is to use the omentum when it is available, given its superb vascularity and angiogenic capabilities.

We have used the thymus and pericardial fat pad in instances when the omentum was unavailable. In all

cases, no complications related to the use of these extrabronchial tissues were noted and no instances of

anastomotic ischemia, dehiscence, or fistulization were identified. Our current incidence of anastomotic

complication using this technique is 3%.

A technique for successful reimplantation of the bronchial vessels has been demonstrated for patients

undergoing en bloc double lung transplantation.10 The method employs the RICBA, which is procured with

the donor bloc to its point of origin from the descending aorta. The segment of donor aorta containing the

origin of the RICBA is either anastomosed directly or via a saphenous vein graft to the recipient aorta. En bloc

double lung transplantation without bronchial revascularization is associated with a significant incidence of

airway anastomotic ischemia, which is frequently fatal.19 With bronchial revascularization in the above man-

ner, no instances of airway ischemia or impaired healing have been noted in an early experience.10 The tech-

nique of direct bronchial revascularization is also applicable to isolated single lung transplantation (SLTx) and

to en bloc heart-lung transplantation. However, the necessity for this maneuver with these procedures, which

currently have excellent results in achieving airway healing, remains to be determined. Although it has been

hypothesized that small airway ischemia may lead to scarring and obliterative bronchiolitis (OB), which is

currently considered a manifestation of chronic rejection, there is no evidence to support the routine use of

bronchial revascularization as a method to diminish the incidence of OB in lung transplant recipients.
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Table 44-2 Optimizing Recipient Airway Blood Supply

Distal ligation of bronchial arterial supply

Preservation of peribronchial tissues

Mobilization within the mediastinum

Short recipient airway segment
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Results

The use of an anastomotic technique based on the principle of preserving airway vascularity has an excel-

lent chance of providing successful airway healing in a lung transplant patient receiving cyclosporine-based

immunosuppression. The precise likelihood of success, however, is related to the specific type of lung trans-

plant procedure performed as well as to the indication for transplantation.

Isolated single lung transplantation is performed most commonly for nonseptic restrictive or

obstructive lung disease or for progressive pulmonary hypertension, either primary or secondary. Anasto-

moses of the main bronchus, pulmonary artery, and left atrium are performed. The majority of cases are

performed without bronchial revascularization. Cardiopulmonary bypass is required for 5 to 15% of the

parenchymal disease recipients and all of the pulmonary hypertensive patients. Airway anastomotic com-

plications are seen in 5 to 10% of patients. Most commonly, an inflammatory stenosis secondary to limit-

ed donor airway ischemia or necrotizing infection is identified. The majority of these complications are not

fatal and may be managed successfully with preservation of graft function. Anastomotic complications

occur more frequently in single lung transplants performed for restrictive lung disease and in left-sided

implantations. The use of cardiopulmonary bypass may also increase the incidence of airway anastomotic

complications in these patients, although heparinization or the use of antithrombotic agents per se may

actually improve healing of the airway in the early postoperative period.21

Double lung transplantation is performed for bilateral septic lung disease, severe pulmonary

hypertension or, on occasion, for obstructive pulmonary disease in a young recipient. The techniques

employed for double lung transplants include sequential single transplants and en bloc transplants, with

or without bronchial revascularization. Bilateral sequential single lung transplantation consists of

sequential implantation of a pulmonary graft in each hemithorax, with vascular and bronchial anasto-

moses identical to isolated SLTx. Cardiopulmonary bypass is not usually required for this procedure. The

incidence of anastomotic complications for this procedure is slightly greater than for SLTx, being

approximately 15%, perhaps due to sepsis from the recipient airway in the anastomotic field. The major-

ity of these complications, however, are nonfatal occurrences.14,22 En bloc double lung transplantation

consists of an anastomosis of the main pulmonary artery, the left atrium, and the airway. The airway

anastomosis may either be performed as a single anastomosis at the level of the supracarinal trachea or

as individual anastomoses to the main bronchi. This procedure requires cardiopulmonary bypass. The

incidence of airway complication is highest for en bloc transplantation without bronchial revasculariza-

tion. With a supracarinal anastomosis, over 40% of patients will develop airway ischemia and necrosis.

In half of these patients, the airway complication will be a fatal event. A similar incidence of airway com-

plication is noted for en bloc transplants with bilateral bronchial anastomoses, although the ischemic

injury may be less severe than that seen with the tracheal anastomosis.19 The experience with bronchial

revascularization in en bloc double lung transplantation using a tracheal anastomosis has been most

encouraging. In an initial report, the incidence of airway complications was 0%, and the only mani-

festation of ischemia was an insignificant delay in mucosal healing in 50% of patients. The incidence of

airway complications in en bloc heart-lung transplantation is less than 10%, despite the routine use of a

supracarinal anastomosis without bronchial revascularization. The preservation of large amounts of

tissue about the airway containing peribronchial collaterals, as well as the potential for recruitment of

collateral flow from the anterior branches of the bronchial circulation, particularly from the coronary

circulation, are thought to account for successful anastomotic healing. However, isolated instances of

diffuse airway necrosis have been reported. These events typically have a fatal outcome. The use of the

omentum to wrap the tracheal anastomosis has been employed as a preemptive measure to lessen the

likelihood of this event.



Anastomotic Complications and Their Management 

Complications involving the airway anastomosis in lung transplant patients occur infrequently when

appropriate surgical techniques are employed. The majority of pulmonary transplant recipients can be

expected to have acceptable healing of the airway anastomosis. However, a consistent subpopulation of

patients does develop airway complications in spite of meticulous surgical methods. These complications

usually require some form of operative intervention for their resolution.

The etiology of lung transplant airway complications in the majority of cases is related to airway

ischemia, almost invariably involving the donor airway. The vascular insult may be manifested acutely,

within the first week following transplantation, or in a more subacute fashion in the third or fourth post-

transplant week. In many cases, a technical error can be identified.

The most common technical error is using a relatively long segment of donor airway devoid of peri-

bronchial tissues. The resultant ischemia of the proximal donor airway may lead to mucosal ulceration, and

subsequent granulation tissue formation, or to transmural necrosis. This type of complication usually

manifests within the first week following transplantation. Necrosis of the donor airway typically results in

anastomotic dehiscence and perianastomotic sepsis. A wrap of vascularized tissue around the anastomosis

can localize the septic focus and prevent mediastinitis. If the tissue used for the wrap has sufficient vascu-

larity and if the ischemic region is localized to the proximal portion of the donor airway, then granulation

tissue will replace the necrotic region. The final presentation of postischemic granulation tissue is a focal

stenosis of the airway at the anastomotic site. In the event of free perforation or fistulization at the site of

the anastomosis, reoperation and repair of the site with interposition of a vascularized tissue flap may allow

restoration of airway continuity and preservation of graft function.

En bloc double lung transplantation using a supracarinal tracheal anastomosis without bronchial

revascularization presents a special circumstance of airway ischemia. The donor airway is essentially an

arch comprised of the right main bronchus, the carina, and the left main bronchus. Perfusion to this entire

arch is by bronchopulmonary collaterals in the peribronchial tissue. Ischemia is most likely to occur in the

middle of this span, corresponding anatomically to the proximal left main bronchus. The resultant necro-

sis and granulation tissue formation will lead to an anastomotic stenosis at this site, with varying degrees

of involvement of the right main bronchus and carina.19

Airway ischemia may also be related to diminished pulmonary flow into the bronchial circulation.

Angulation or constriction of the pulmonary arterial or venous anastomoses should be identified at the

time of implantation. Compromise of bronchopulmonary collateral flow by this mechanism leads to

ischemic sequelae at the anastomosis, resembling those seen with excess donor airway. Surgical revision of

a suboptimal vascular anastomosis, as soon as it is identified, will not only prevent airway ischemia but will

assure optimal respiratory function of the lung graft.

On rare occasions, diffuse necrosis of the donor airway to the level of the segmental bronchi may

occur in the acute postoperative period. The etiology of this event is unknown, although impaired broncho-

pulmonary collateral flow due to an unidentified anatomic anomaly is a likely cause, based on the 

distribution of the ischemic necrosis. The only therapy for this otherwise fatal complication is emergent

retransplantation, which is also associated with a high morbidity and mortality.14

Anastomotic airway complications may present in a delayed fashion, after apparently adequate healing

initially. In such cases, a localized necrosis of the donor airway leading to anastomotic stenosis is identified

more than 3 weeks following transplantation. Late anastomotic stenoses are less common and usually less

severe than airway complications occurring in the early postoperative period. The etiology in these instances

may be related to recurrent airway ischemia exacerbated by episodes of graft rejection (resulting in a decrease

in bronchopulmonary collateral flow) or to a necrotizing infection of a poorly perfused donor airway.
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Routine bronchoscopic surveillance should be continued for 6 weeks following transplantation. Such studies

allow for inspection of the anastomotic site, for assessment of rejection by transbronchial biopsy, and for

monitoring of microbiologic flora in the graft airway. Appropriate preemptive interventions may lessen the

incidence of late airway complications from these etiologies.

Anastomotic stenosis is the most common airway complication following lung transplantation.19,23

Most cases are related to donor airway ischemia, and the severity of the stenosis is directly related to the

amount of donor airway that was ischemic. Patients are typically symptomatic with progressive exertional

dyspnea, stridor, and diminished expired lung volumes. Diagnosis is made by bronchoscopy. Tracheal

tomograms or virtual bronchoscopy employing image data acquired from helical chest computed tomo-

graphy scanners have also been used as diagnostic modalities, but accurate evaluation and therapy will

always require primary bronchoscopic evaluation. Management consists of rigid and flexible bronchoscopy

with endobronchial dilatation using either graduated esophageal or balloon dilators. In many cases, two or

three serial dilatations over the course of several months will suffice to manage the stenosis during matu-

ration of the anastomotic site and stabilization of the stenotic segment.

In other cases, the initial severity of the stenosis or its rapid recurrence following dilatation will

require endoscopic stent placement. Careful measurements of the length and caliber of the stenotic region

following dilatation are made. An appropriate stent is selected and is positioned through the stenosis under

bronchoscopic visualization. A self-anchoring Silastic stent is preferred, although permanent metal stents

have been used. The Silastic stents have the advantage of ease of exchange and/or modification. Insertion

of the Silastic stent involves its placement over a rigid bronchoscope to which an endoscopic fixation

FIGURE 44-5 Endotracheal Y stent. Silastic stents are
useful for the management of anastomotic stenoses. A Y
stent is commonly required for en bloc double lung trans-
plant patients.



device, such as a 40 F catheter placed over the bronchoscope proximal to the stent, is attached. The bron-

choscope is then withdrawn as the stent is held in position by an endoscopic fixation device. The fixation

device is then withdrawn and the position of the stent is confirmed by bronchoscopy.

Endobronchial stents are most commonly used for isolated SLTx or for bilateral sequential SLTx.

Endotracheal Y stents are useful for stenoses occurring with en bloc double lung transplantation without

bronchial revascularization (Figure 44-5). A modified tracheal T tube may be used for stenosis of tracheal

anastomoses or for complex carinal stenoses. Unlike other inflammatory airway stenoses, anastomotic

strictures in transplant patients may be very malleable. Endobronchial stents may be removed in more than

one half of cases within 1 year. Sufficient remodelling of the anastomotic scar will have occurred at this

interval to prevent the recurrence of an anastomotic stricture (Figure 44-6). The development of a fibrous

stenosis, however, augurs poorly for the possibility of eventual elimination of the stent.24,25 The likelihood

of anastomotic stabilization and permanent stent removal is also less for carinal or tracheal stenoses.

Although the presence of an indwelling stent does increase the incidence of tracheobronchial infection in

transplant patients, the risk of reoperation is sufficiently great to preclude this as an alternative for the man-

agement of most such patients.
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FIGURE 44-6 A, Tracheal tomogram demonstrating an anastomotic stenosis. The airway stenosis can be seen at the level of the anastomosis in
this patient’s post-right single lung transplantation for pulmonary fibrosis with secondary pulmonary hypertension. The stenosis was treated by
dilatation and stent placement. B, Tracheal tomogram following stent removal. The patient demonstrated in A had an indwelling Silastic stent
placed after dilatation of the anastomotic stenosis. The stent was removed after 14 months and subsequently did not recur. A normal anastomotic
caliber can be appreciated on this radiograph.

A B
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Summary

Success in the management of the airway anastomosis has inaugurated the clinical application of lung

transplantation for end-stage pulmonary disease. The critical issue for healing of the transplanted airway

is maintenance of the blood supply of both the donor airway (primarily from bronchopulmonary colla-

teral flow) and the recipient airway (primarily from systemic arterial flow). The exact role of cyclosporine-

based immunosuppression and other factors in augmenting healing of the airway anastomosis in trans-

plant patients is unknown, but they are thought to be important elements.

Precise surgical technique, optimal lung preservation, conservation of peribronchial collateral vessels,

and wrapping of the anastomosis with vascularized tissue are the significant points of the anastomotic

method in lung transplantation.26 Bronchial artery revascularization is possible, but is useful primarily for

en bloc double lung transplantation. Anastomotic stenosis, the most common airway complication follow-

ing lung transplantation, is usually due to donor airway ischemia and is optimally managed by broncho-

scopic dilatation and stent placement.

References

1. Veith FJ. Lung transplantation. Transplant Proc 1977;
9:203–8.

2. Cooper JD. Evolution of techniques and indications for
lung transplantation. Ann Surg 1990;212:249–58.

3. von Sommering ST, Reisseissen FD. Ueber den bau der
lungen. Berlin: Voss; 1808.

4. Inui K, Wada H, Yokomise H, et al. Evaluation of a
bronchial anastomosis by laser Doppler velocimetry.
J Thorac Cardiovasc Surg 1990;996:14–9.

5. Grillo HC, Zannini P, Michelassi F. Complications of tra-
cheal reconstruction: incidence, treatment and pre-
vention. J Thorac Cardiovasc Surg 1986;91:322–38.

6. Lima O, Cooper JD, Peters WJ. Effects of methylpred-
nisolone and azathioprine on bronchial healing follow-
ing lung autotransplantation. J Thorac Cardiovasc Surg
1981;82:211–5.

7. Calhoon JH, Grover FL, Gibbons WJ, et al. Single lung
transplantation: alternative indications and tech-
nique. J Thorac Cardiovasc Surg 1991;101:816–25.

8. Reitz BA, Wallwork JL, Hunt SA, et al. Heart-lung trans-
plantation. Successful therapy for patients with pul-
monary vascular disease. N Engl J Med 1982;306:
557–64.

9. Schreinemakers HHJ, Weder W, Miyoshi S, et al. Direct
revascularization of bronchial arteries for lung trans-
plantation: an anatomical study. Ann Thorac Surg
1990;49:44–54.

10. Couraud L, Baudet E, Martigne C, et al. Bronchial revas-
cularization in double-lung transplantation: a series
of 8 patients. Ann Thorac Surg 1992;53:88–94.

11. Tobin C. The bronchial arteries and their connections
with other vessels in the human lung. Surg Gynecol
Obstet 1952;95:741–50.

12. Baile EM, Albert RK, Kirk W, et al. Positive end-expiratory
pressure decreases bronchial blood flow in the dog.
J Appl Physiol 1984;56:1289–93.

13. Ladowski JS, Hardesty RL, Griffith BP. The pulmonary
artery blood supply to the supracarinal trachea.
J Heart Transplant 1984;4:40–2.

14. de Hoyos AL, Patterson GA, Maurer JR, et al. Pulmonary

transplantation: early and late results. J Thorac 
Cardiovasc Surg 1992;103:295–306.

15. Traber DL, Lentz CW, Traber LD, Herndon DN. Lymph
and blood flow responses in central airways. Am Rev
Respir Dis 1992;146:515–8.

16. Veith FJ, Richards K. Improved technique for canine lung
transplantation. Ann Surg 1970;171:553–8.

17. Dubois P, Choiniere L, Cooper JD. Bronchial omentopexy
in canine lung allotransplantation. Ann Thorac Surg
1984;38:211–4.

18. Fell SC, Mollenkopf FP, Montefusco CM, et al. Revascu-
larization of ischemic bronchial anastomoses by an
intercostal pedicle flap. J Thorac Cardiovasc Surg
1985;90:172–8.

19. Patterson GA, Todd TR, Cooper JD, et al. Airway compli-
cations after double lung transplantation. J Thorac
Cardiovasc Surg 1990;99:14–21.

20. Miller JD, DeHoyos A. An evaluation of the role of omen-
topexy and of early perioperative corticosteroid
administration in clinical lung transplantation.
J Thorac Cardiovasc Surg 1993;105:247–52.

21. Borst HG, de Hoyos AL, Patterson GA, et al. Pulmonary
transplantation: early and late results. J Thorac 
Cardiovasc Surg 1992;103:306.

22. Pasque MK, Cooper JD, Kaiser LR. Improved technique
for bilateral lung transplantation: rationale and initial
clinical experience. Ann Thorac Surg 1990;49:785–91.

23. Patterson GA, Cooper JD. Status of lung transplantation.
Surg Clin North Am 1988;68:545–58.

24. Kshettry VR, Kroshus TJ, Hertz MI, et al. Early and late
airway complications after lung transplantation: inci-
dence and management. Ann Thorac Surg
1997;63:1676–83.

25. Orons PD, Amesur NB, Dauber JH, et al. Balloon dilation
and endobronchial stent placement for bronchial
strictures after lung transplantation. J Vasc Intervent
Radiol 100;11:89–99.

26. Wain JC, Wright CD, Donahue DM, et al. Lung trans-
plantation and the bronchial anastomosis: an alterna-
tive approach. [In preparation]



C H A P T E R  F O RT Y- F I V E

Tracheal Replacement

Need for Tracheal Replacement

Requirements for Replacement

Approaches to Replacement

Foreign Materials

Implantation of Nonviable Tissues

Autogenous Tissues

Tissue Engineering

Tracheal Transplantation
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When I commenced work on the trachea in 1961, a large body of literature on experimental tracheal

replacement and transplantation already existed. There had also been a few clinical trials, fewer successes,

and these were qualified. Biological principles seemed to prevent consistent success of prosthetic implants

in the trachea. This directed me to reassess the extent of resection that was possible by employing anatomic

maneuvers directed to primary anastomotic reconstruction.1 Forty years later, the experimental literature

on tracheal replacement has increased greatly, many ingenious and even promising ideas have been devel-

oped, an equal number have receded, and there is still not a dependable or predictable tracheal substitute.

This chapter is a necessarily brief commentary on these voluminous efforts to solve what at first

glance seems to be such a simple problem—development of an acceptable conduit to replace the native 

trachea. Related literature published in English is extensively reviewed here. A complete review is nearly

impossible, since so attracted have surgeons been by the illusory simplicity of the problem. I hope that a

fairly complete recitation of past efforts may forestall the tedious repetition of similar experiments using

techniques that have long been shown to fail. My intent is not to discourage thoughtful exploration of this

biosurgical challenge but to provide a helpful background for possible development of new concepts. At

very least, it may save the lives of countless dogs, sheep, pigs, rats, and other experimented-on creatures

from the altars of dubious science. I hope to be excused for slighting copious additional literature, especial-

ly that in German-, French-, and Japanese-language journals.

Need for Tracheal Replacement

Most tracheal lesions can now be resected and primary reconstruction safely effected, as detailed in this book.

The general limits of safe resection are about one-half of the tracheal length in adults and probably one-third

in small children. Limits vary widely depending upon age, body build, local anatomy, pathology, and prior

treatment. More lengthy, non-neoplastic lesions which cannot be safely removed and reconstruction done

primarily, can usually be managed in the long term with T tubes or stents (see Chapter 39,“Tracheal T Tubes”
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and Chapter 40, “Tracheal and Bronchial Stenting”). The silicone airway so provided is at least as satisfact-

ory as any prosthetic device yet fashioned for surgical tracheal replacement. Any tracheal replacement tech-

nique offered as an alternative must therefore be wholly dependable and provoke minimal complications or

risk of fatality.2 The special case and previously challenging problem of long segment congenital tracheal

stenosis is now safely and effectively managed by slide tracheoplasty (see Chapter 6, “Congenital and

Acquired Tracheal Lesions in Children” and Chapter 33, “Repair of Congenital Tracheal Lesions”).

The remaining need for tracheal substitution is to permit extirpation of those few tumors of extended

length, chiefly adenoid cystic carcinoma, where invasion of the larynx or mediastinum does not prohibit 

complete resection with salvage of a functional larynx. Few such patients are seen annually, even in a clinic such

as ours where airway surgery is frequently performed. Currently, these patients are managed palliatively with

irradiation, stents, and T tubes (see Chapter 7, “Primary Tracheal Neoplasms,” Chapter 39, “Tracheal T Tubes,”

Chapter 40,“Tracheal and Bronchial Stenting,” Chapter 41,“Radiation Therapy in the Management of Tracheal

Cancer”). A safe and dependable method of tracheal replacement would indeed be useful and welcome for

these few patients.

Requirements for Replacement

Belsey iterated the requirements for tracheal replacement to be 1) a laterally rigid but longitudinally flexible

tube, and 2) a surface of ciliated respiratory epithelium.3 The second criterion has proved to be desirable, but

not essential.4,5 Patients can clear secretions by cough despite conduits lined with squamous metaplastic epithe-

lium, skin, or foreign materials (silicone tubes, coated stents, metallic and other solid prostheses). The conduit

must further be initially airtight and become integrated into adjacent tissues, so that chronic inflammation,

granulation tissue, infection, and erosion do not occur. A requirement for immunosuppression is undesirable

for many reasons, especially since the principal need for tracheal replacement is extensive carcinoma (adenoid

cystic and squamous cell). Finally, for a method to be practically considered, the technique of construction or

insertion of the conduit must be surgically straightforward and the results must be predictably successful.

Other authors have further added that materials for tracheal replacement must be biocompatible,

nontoxic, nonimmunogenic, noncarcinogenic, must not dislocate or erode over time, should ideally pro-

vide or facilitate epithelial resurfacing, should avoid stenosis or late buckling, resist bacterial colonization,

avoid accumulation of secretions, and must be permanent constructions.6,7

Approaches to Replacement

The belief which persisted for many years, that only a few centimeters of trachea could be resected circum-

ferentially and the trachea safely anastomosed, stimulated earlier search for a tracheal prosthesis.3,8 Today,

the need for replacement is recognized to be much more limited. The quest continues because of the more

closely defined needs which have been presented. In general, lines of research have included the following:

1) Trials of multiple foreign materials with many technical modifications to avoid complications of

implantation;

2) Implantation of nonviable tissues, including fixed trachea;

3) Adaptation and transfer of autogenous tissues, with or without scaffolding of foreign materials as

patches or tubes;

4) Tissue engineering of needed components such as cartilage; and

5) Transplantation of allografts with and without immunosuppression, preservation, and vasculariza-

tion procedures.

Success has episodically been announced over the decades in each of these categories, but thus far, has

not held for the long term in any safe and practicable manner.



The technique of lateral tracheal excision, principally for tumors, was practiced for many years,

because of fear of creating tracheal discontinuity which, it was believed, could not be reapproximated. The

defect in the trachea was patched with a variety of foreign material and tissues.9 The technique has been

largely abandoned because of the frequency of recurrence of tumor due to inadequate margins resulting

from the compulsion to save sufficient tracheal wall for structural reason. Furthermore, necrosis and leak-

age of devascularized patches were often fatal, if in the mediastinum. However, combinations of vascular-

ized tissue flaps, such as pericardium, and supporting foreign materials (such as Marlex) did succeed in

healing in some cases, even if rarely successful oncologically.

Foreign Materials

The apparent simplicity of tracheal replacement encouraged trials of tubular conduits, initially of solid

material. Since these could not become incorporated by local tissues, problems of migration, dislodgement,

erosion, infection, and obstruction usually arose. Epithelization, of course, was impossible. Furthermore,

solid tubes can never be removed, since the connective tissue tract formed around them proceeds to

obstruct with new connective tissue formation and by contraction in the absence of a stent.10 Attention

then turned to porous materials, often meshes of various substances, which might encourage tissue

ingrowth and possibly even epithelization in time.

Solid Prostheses

Foreign materials were earlier used to form tubular replacements for resected trachea. The trachea was

replaced experimentally, most often in dogs, with the following materials: tubes of stainless steel11,12; tight

coils of steel wire13; Vitallium11,14; glass11; polyethylene10,15–19; Lucite13,14; silicone20–23; Teflon12,24,25; Ivalon14,26;

polyvinyl chloride27; polyethylene, polyurethane, Silastic, and Teflon combinations28; rigid and flexible 

Silastic with Dacron cover29; and tubes of Teflon, Ivalon, and Silastic.30

Solid prostheses were also tried clinically in occasional cases, using the following materials: stainless

steel31,32; steel coil13; silicone33,34; polythene (polyethylene)35,36; Teflon37; polyethylene and Tantalum28; and

Lucite.15 Anastomoses after short resections were also done over splinting polythene stents.38

Borrie, Redshaw and colleagues added suturable subterminal fabric cuffs to a silicone prosthesis,

which was intussuscepted into the tracheal ends (experimentally in sheep), to prevent granulation tissue

from obstructing the lumen and to encourage fixation of the prosthesis.21,22

Neville and colleagues employed a similarly cuffed silicone tube clinically, whereas Toomes and col-

leagues experienced obstructive granulation tissue, migration, and vascular erosion with the same prosthe-

sis.33,34 I saw patients in consultation, who were suffering severe, recurrent, and insoluble granulation tis-

sue obstruction at either end of a Neville prosthesis. Long segments of normal trachea had been excised to

remove shorter stenotic lesions in order to accommodate the nonadjustable prostheses. In a number of

patients, the original lesion could have been easily managed with a short resection and end-to-end anasto-

mosis. In later cases, the prosthesis had been placed inside an unresected stenotic trachea, where a silicone

stent or T tube might have served better.

Solid prostheses, despite some successes for varied lengths of time, eventually tended to migrate,

become dislodged, obstruct with granulation tissue at either end (with subsequent stenosis), and encour-

age infection at the interface between foreign material, tracheal epithelium, and the granulation tissue bed.

Erosion of the brachiocephalic artery, not infrequently, followed with fatal result. Complete epithelization

rarely occurred beneath the prosthesis. Despite all of this, a rigid prosthesis can maintain an open airway

for some time, even though healing has not occurred in any complete sense. Such a result, however, is

episodic and unpredictable. Daniel mistakenly believed that tracheal rings regenerated structurally over a

solid tube and Longmire appeared to accept this unlikely event.11,15
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To date, nearly all (if not all) surgical prostheses that have been successful (ie, vascular conduits, heart

valves, orthopedic devices) have been cited in potentially sterile mesenchymal tissues. No example of com-

parable success has been cited in the respiratory, gastrointestinal, or genitourinary tracts. Here, an interface

inevitably persists among foreign material, chronically repairing connective tissue, and epithelium, which

is a source of bacterial contamination. The trial of one material after another cannot be expected to solve

this basic biologic incompatibility.

Porous Prostheses

In order to counter the usual failure of impervious solid prostheses, meshes made from a wide selection of

materials were used experimentally. The porous structure was calculated to permit ingrowth of host connec-

tive tissue, incorporating the prosthesis into the tracheal site. A minimal porosity of 40 to 60 µm is necessary

for capillary ingrowth.7 It was hoped that this bed of autogenous new connective tissue would serve as a base

for migration of adjacent tracheal epithelium. Regeneration of the epithelium was described, with evolution

from squamous to cuboidal to pseudostratified to ciliated cells.39,40 Meshes were sometimes supported with

wire, plastic rings or coils, and sealed with tissues (such as omentum, fascia, pericardium) or biopolymers

(such as fibrin sponge or reconstituted collagen) to prevent early air leakage. Among the meshes tried exper-

imentally were the following: steel wire, variously wrapped with tissue for air-tightness10,13,19,25,41–43; stainless

steel wire lined with dermis or various synthetic materials12; Tantalum with or without pleura or 

fascia8,13,19,25,44–47; coated titanium fiber metal48; Marlex,19,42,49,50 Marlex with collagen,51 or with collagen 

reinforced by a polypropylene spiral52,53; polytetrafluoroethylene (PTFE)25,54–57; polyurethane58; Ivalon and

wire14,59,60; Dacron and polyurethane61; and Teflon.25,36

The list of combinations is almost endless. Dacron was employed in patches of low and high porosity,

with sloughing of the low-porosity material, and eventual incorporation and epithelization of small patch-

es of high-porosity Dacron over a prolonged period of time.61,62 Experimental Z-plasty allowed tracheal

approximation by relaxation, and the sites of Z-plasty were patched with Dacron.63 McCaughan noted that

Silastic-reinforced Dacron produced granulations and stenosis.64 Surprisingly, ready connective tissue incor-

poration and epithelization (in 5 to 7 weeks) of a 5 cm Goretex tube with reinforcing rings was reported, but

details of epithelization and long-term results were lacking.65 Ingrowth of connective tissue in Dacron pros-

theses led to narrowing and obstruction.66 Wide mesh Teflon with polypropylene rings, with an inner liner

of solid polypropylene tube, was also attempted.36

Meshes were also employed clinically as patches or circumferentially.67 These were made of the fol-

lowing materials: steel wire13,41; Tantalum covered with fascia lata,68 or skin and Tantalum gauze69; heavy

Marlex,50,70–73 sometimes covered with pedicled pericardium, Ivalon, and wire.58 Pagliero and Shepherd

managed late postoperative dehiscence of the trachea by operative insertion of a stainless steel wire coil to

splint open a connecting conduit of partly epithelized scar tissue.74

Connective tissue ingrowth served to fix and incorporate some porous prostheses as noted. How-

ever, the continued proliferation of scar tissue most often led to obstruction and stenosis. Frequently, large

sections of mesh, especially in longer segment replacements, remained uncovered by connective tissue, and

bacterial colonization followed. Epithelium generally failed to migrate sufficiently to cover the entire neo-

tracheal surface, allowing continued cicatrix formation, usually in the center of the replacement. Although

very short interpositions might achieve full epithelization, which seemed to prevent further cicatrization,

the rate and completeness of epithelial migration was usually insufficient to prevent central granulations,

cicatrization, and stenosis. Obviously, very short tracheal replacements offered no solutions to the problem

addressed. Pearson and colleagues experimentally endeavored to provide a source of epithelization by

advancing partially-detached terminal rings of cartilage, with the mucous membrane intact, obliquely over

Marlex replacements.50 Stenotic obstruction and brachiocephalic artery erosion attended some Marlex 



tracheal replacements in humans as well as in experimental animals.50,73 Death occurred similarly with steel

mesh prosthesis.13 A Marlex mesh that fails to become fully covered harbors bacteria (notably Pseudomonas

aeruginosa), which produce purulent sputum and foul odor. One patient, who over many years had lost his

wife, his job, and his friends as a result of intolerable halitosis from a Marlex reconstruction of cervical 

trachea, was finally relieved by its excision and placement of a silicone T tube. Thus, the dual problem of

infection or of granulation tissue and scar formation, sometimes in irregular patterns, tends to prevent even

incorporation of porous prostheses.36 An impervious inner liner prevents the overgrowth of obstructing

granulation tissue, but full epithelization was not seen and such an internal liner can never be removed.36

Implantation of Nonviable Tissues

Cadaver trachea and other tissues, fixed chemically, frozen, or lyophilized, have been used both experimen-

tally and clinically as tracheal replacements. Such implantation has mistakenly been called “transplantation”

or described as a “tracheal allograft,” despite its nonviable and denatured status. “Bioprosthesis” may be a

better term, since a fixed tissue is more akin to tanned leather than it is to transplanted tissue in the usual

sense. Preserved or lyophilized tissues are usually replaced in time by host scar tissue, the rate possibly depen-

dent upon the locus of implantation.75 Dead tissue cannot be expected to function as a template for regen-

eration of the complex structure of the trachea, in accord with any basic biologic processes yet identified.

Experimentally, Scherer and colleagues processed rat, guinea pig, and pig tracheae chemically, includ-

ing tanning with glutaraldehyde, and variously implanted tracheal segments and window patches as auto-

grafts, allografts, and xenografts.7 Rejection seemed to be avoided. Variable long-term morphologic survival

of cartilage and epithelization occurred in rats, but not in pigs. Pressman and Simon used sterilized and

lyophilized aortic homografts over polyethylene tubes in dogs to exclude granulation tissue.18 Stenosis was

prevented by the stent, but linear contraction stretched and deformed the proximal and distal ends of the

trachea. The damaged rings calcified and tracheal epithelium surfaced the aortic graft. Marrangoni in 1951

and Greenberg and Williams in 1960 observed that lyophilized canine tracheal allografts lost their cartilage

and were replaced by scar tissue.76,77 Björk and Rodriguez implanted freeze-dried, formalin-fixed, and 95%

alcohol treated allografts, with fatal stenosis or necrosis in all.26 Related laboratory experiences are

described below (see Preserved Allografts). These are included in the section on tracheal transplantation,

for completeness, since many investigators analyzed both fresh and preserved grafts in their experiments.

More recently, this avenue has been reexplored. Clinically, a cadaver tracheal graft, fixed in formalin

and stored in Merthiolate, and then implanted and observed over 13 months, showed histologic disinte-

gration and reduced allogenicity.78 Jacobs and colleagues further described “tracheal allograft reconstruc-

tion” in adults and children, using cadaver trachea treated with 4% formalin, followed by thimerosal and

stored in acetone.79 The cartilaginous portion of long stenoses of various etiologies (or the anterolateral

portion in the case of congenital “O” rings) were excised and replaced with the fixed tissue, supported by

Dumon or Hood silicone intraluminal stents. Frequent bronchoscopy was necessary to remove exuberant

granulation after stent removal, but complete epithelization was described after unspecified intervals, based

on bronchoscopic visualization and histologic samples. Of 6 patients, 1 died of innominate artery fistula, 2

had tracheomalacia requiring stents, 1 with a stent replacement that was subsequently “recently” removed

needed frequent bronchoscopy for granulations, 1 was stented with a tracheostomy tube, and finally, 1 who

was operated upon 6 months previously, and who needed a tracheostomy tube, was decannulated for an

unspecified time. In summary, 1 patient in 6 was free of stents with an adequate airway over the short term.

Somewhat better results were cited for 18 of 31 children (58%) so treated in Europe, but detailed follow-

up data were not given to permit full appreciation of their final status.80

If full epithelization does occur by migration of the tracheal epithelium from the intact posterior wall

strip, it must be over host granulation tissue that has replaced the cadaveric graft. This would explain the

Tracheal Replacement 843



844 Surgery of the Trachea and Bronchi

exuberant granulations described and also the development of serious malacia, as the dead cartilage is

resorbed and replaced by cicatrix. It is biologically inconceivable that wholly dead cartilage is reconstitut-

ed as living cartilage. In effect, we appear to be dealing with an oversized patch tracheoplasty using fixed

tissue rather than fresh autologous costal cartilage or pericardium. Indeed, in an earlier commentary, one

of the authors stated that the graft “becomes very fibrotic according to the samples of the few patients...who

have died.... There is no live cartilage in the donor trachea.”81

Autogenous Tissues

Free Grafts With and Without Foreign Material Support

The use of autogenous tissue, such as the omentum, to seal mesh prostheses was noted earlier. Foreign

materials have, on the other hand, been used to support free grafts of autogenous tissues, either as patches

or in tubular form. Experimental patches or tubular constructions have used the following materials: fas-

cia11,46,82,83; tracheal wall84; diced cartilage against wire mesh and glass cylinders13; dermal grafts laced with

wire14; fascia with Tantalum wire support8; pericardium85; pericardium with Marlex, free periosteum with

omental wrap86,87; bone strips and fibrocollagen25; cartilage and perichondrial strips over silicone stents88;

costal cartilage, periosteum, and rib over a polyethylene stent89; periosteal patch applied to staggered inter-

cartilaginous relaxing incisions, which was also applied clinically90; composite patches of buccal mucosa

and auricular cartilage91; dura mater with wire92; bladder mucosa with Silastic or polyurethane stents,93,94

with the epithelial face of the mucosa turned away from the lumen in order to form bone69; and jejunal

patch with microvasclar reconstruction.95 Tantalum-supported skin grafts, perichondrium from ear and

rib, the latter on fascial flaps which formed cartilage, became epithelized, but stenosed.77,96 Nasal cartilage

with attached mucosa served as a patch in dogs.97 The patch healed, but the cartilage was almost completely

resorbed. The same occurred with tracheal wall.84 Marshak and colleagues later interposed cylinders of

bladder mucosa surfaced over Silastic tubes in dogs and achieved stable tubes lined with epithelium.98

However, edema followed removal of the stent and caused death by obstruction. A combination of scar tis-

sue formation, contraction, and epithelization has been described in the healing of pericardial patches,

sometimes misinterpreted as regeneration of cartilage from scar tissue.11,23,85,99

Clinically, in 1943 and 1944, Belsey performed two radical tracheal resections for “cylindroma,” leav-

ing a narrow strip of tracheal wall intact and reconstructing the defect with fascia lata supported by a coil

of steel wire.3 Clagett and colleagues also used this technique.35 A free bronchial patch and free fascia lata

were also used in patients.100,101 The use of wire-supported dermal grafts to widen bronchi and tracheae was

extensively reported by Gebauer and others.102,103 Larger dermal grafts for tracheal repair were frequently

unsuccessful.104,105 Dermal grafts wrapped around Tantalum tubes failed when used intrathoracically.4

Caputo and Consiglio used a patch of auricular cartilage to widen the lower trachea.106 Free fascial grafts

in small tracheal windows healed and epithelized.107 Crafoord and Lindgren used skin and cartilage to

repair cervical tracheae in 1945.108

Costal cartilage and, later, pericardium were successfully employed as patch grafts for treatment of

long congenital stenosis, without specific revascularization.109,110 Only occasionally did necrosis occur.111

Reepithelization was noted to occur.99 Pericardium was replaced with mature scar tissue.99 Tracheal growth

was also reduced.112 Even with addition of an omental pedicled flap, a cartilage patch is in time resorbed.113

Vascularized Autogenous Tissue Flaps

Another route of reconstruction, either as a flap for tracheal repair after lateral or “window” resection, or as

a tube after circumferential resection, was to use the patient’s own tissues, preserving or reanastomosing

blood supply. Since relative rigidity is necessary, free grafts of cartilage, plastic rings, or meshes were added



for support. Foreign material or cartilage autografts were implanted in mesenchymal tissue. In general, lat-

eral resection of tumor is not favored because of the likelihood of inadequate resection, as well as problems

in healing of free tracheal patches, especially when intrathoracic. A vascularized patch is less likely to necrose

than a free patch. On rare occasions, this technique is still used when a long segment of lateral tracheal wall

must be removed to effect complete resection of an invasive secondary neoplasm. Where circumferential

resection is not possible because of the length of neoplastic involvement, lateral excision of the wall and

reconstruction with a pedicled pericardial flap, supported by materials such as Marlex, may be effective.

Experiments in vascularized flap repair of window defects have included use of intercostal muscle

pedicled patch graft, pedicled periosteum, pedicled bronchus, and rib and pleural transfer with microvas-

cular anastomosis for long anterior tracheal defects in dogs.86,114–116 Half of these latter animals survived.

Lofgren and colleagues performed, in three stages, a pedicled composite graft of buccal mucosa, Proplast

(PTFE and pyrolithic graphite), with a connective tissue “external” layer, for repair of lateral tracheal

defects in beagles.117

Clinically, Nowakowski in 1909 employed local skin flaps to close cervical tracheal defects.118 Other

flaps used included pedicled intercostal muscle and pleura, without the wire supports for flaps which had

been previously used in dogs, periosteum on a muscular pedicle for lateral repair, rotated bronchus, pedi-

cled diaphragm to posterior tracheal wall, and pedicled patch of pericardium supported by Marlex for

repair of a long lateral defect (J. C. Wain, unpublished, c. 1998).119–122 Pedicled intercostal periosteal flap

was used to repair tracheoesophageal fistulas.123

The use of cartilage grafts and hyoid bone transfers, to enlarge the stenotic larynx either anteriorly or

posteriorly, is a very large subject by itself and will not be discussed here.124

Autogenous Tube Construction

The cervical trachea has been reconstructed experimentally by formation of a cutaneous trough, variously

supported by cartilage or plastic rings, with staged closure of the trough.4,125,126 Edgerton and Zovickian

reviewed early attempts at creation of skin flaps, including tubed pedicles, variously supported with rib or

costal cartilage and sometimes lined with split grafts.4 In 1964, Grillo and colleagues proposed a staged

repair of the cervical trachea to replace a cervical tracheal segment devolved with its blood supply into the

mediastinum for primary intrathoracic anastomosis.127 A cutaneous tube was formed in stages, supported

by polypropylene rings inserted between the dermis and the attached platysma.126 Serrano and colleagues

inserted bilaterally a series of hemi-rings of cartilage carved from the costal arch to provide support when

a skin trough was finally closed anteriorly.128 Drs. Joo Hyun Kim and H. C. Grillo (unpublished) con-

structed staged tracheal replacements in dogs by allowing the perichondrium of two costal cartilages to

form a cartilaginous tube around a silicone mold in situ, later lining this tube with buccal mucosa and,

finally, transferring it to a thoracic site with blood supply from the still-attached but mobilized intercostal

muscle pedicles. As might be expected in such a complex repair, only a percentage of preparations fully suc-

ceeded. The work was, therefore, not published.

Papp and colleagues wrapped intercostal muscle, stiffened with cartilage and lined with skin around

a stent, in dogs.129 The complexity of the procedure led to high mortality. Krespi and colleagues wrapped a

pleural periosteal flap around a Silastic stent and, after 6 weeks in a subcutaneous location, moved the tube

to an orthotopic location, but with uncertain results.130 Botta and Meyer, working on rats, prepared in mul-

tiple stages a connective tissue tube with allografts of tracheal cartilage, previously prepared to reduce anti-

genicity, around a Silastic tube, later lined with buccal mucosa, with regional supply from implantation,

which would eventually be anastomosed by microsurgical technique to cervical vessels.131 The complexity

appears clinically daunting. Kon and Van den Hooff also produced cylinders of cartilage by wrapping rib

perichondrium around a silicone rod implanted in tissue.132
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Another line of experimental reconstruction with host tissue has been the use of adjacent esophagus

to replace a long segment of trachea. Mural splinting is required to maintain patency, although in some

experiments this, amazingly enough, seems to have been unneeded. In my laboratory, placement of a series

of discontinuous polypropylene rings failed when the adjacent supported segments obstructed by valving

across one another. A suggestion that an esophageal segment be substituted for trachea just to provide a

channel for a T tube seems to overlook the magnitude of surgery that is then needed for esophageal replace-

ment.133 In an effort to avoid the requirement of major surgery for later esophageal replacement, revascu-

larized segments of small intestine have also been employed experimentally.134 Observation that a segment

of small intestine remained rigid enough for normal respiration is difficult to understand if the interposi-

tion is of any length at all.

Clinically, multistaged cutaneous tubes have been widely employed for construction of cervical tra-

chea. Multiple trough techniques have been devised and used.4,135–144 Edgerton and Zovickian attained suc-

cess in multistaged flap reconstruction of cervical trachea clinically.4 Grillo described clinical application of

his two-staged technique.5 Although successful in a few patients, the technique is not recommended

because of an overall low success rate. It should be noted that staged repairs of the type listed have no appli-

cation intrathoracically, where an airtight airway must be attained immediately. Failure of healing, likely to

occur in some cases after complex repairs, could cause fatal mediastinitis in the chest.

Esophagus in situ has also been used to patch the membranous tracheal wall and to serve as a long

linear patch for congenital stenosis.145,146 Fonkalsrud and colleagues unsuccessfully tried to replace the tra-

chea for agenesis and for stricture with a segment of esophagus.147,148

Tissue Engineering

As described in the previous section, inducing formation of a cartilaginous tube by wrapping perichondrium

around an inert cylinder (providing a lining with buccal mucosa or skin graft) is, in a sense, tissue engineer-

ing. However, current use of the term implies formation of tissue by cultivated cells introduced into a frame-

work of biodegradable synthetic polymer, which guides the shape and size of a macrostructure, such as a

tube.149 Thus, chondrocytes, placed on a template of polyglycolic acid fibers after incubation and implanta-

tion, produced cartilage of selected shape and size over 4 weeks.150 Vascularized connective tissue surrounded

the implants and lined the inner surface. The structure resisted collapse and was used to replace segments of

trachea in rats. In further experiments, effort was made to seed the inner surface with tracheal epithelial

cells.151 Work in this area continues. A combination of these two technical concepts, that is, the “growth” of a

segment for tracheal replacement and its implantation, where the vascularized tube may later be swung into

place, may in time become a useful technique. In benign disease, a T tube could provide an interim airway.

Tracheal Transplantation

Nonrevascularized Grafts

Autografts: Fresh and Devascularized. In 1918, Burket reported successful fresh autografts of three- to

nine-ring segments in 4 of 8 dogs.152 The other animals, plus two allografts, died with tracheal strictures. The

latter died in 7 and 8 days in contrast with longer survival for autografts (except for one early “breakdown”).

The author did not comment on this difference between autografts and allografts. Experiments have since

shown that immediate orthotopic reimplantation of an animal’s own trachea after excision, a fresh autograft,

was most often unsuccessful, since regeneration of local blood supply is too slow to nourish the complex 

tissues of the trachea.21,26,45,84,153-155 However, variable results have been reported experimentally with de-

vascularized autografts of different lengths, with survival of the graft likely with short segments, or with

bronchial patches placed in the trachea.20,44,154,156 With very short segments replanted, animals survived, but



the cartilage was often resorbed and the segment converted to fibrous tissue.30 With longer segments, dis-

solution, stenosis, and obstruction followed due to loss of blood supply.154

Mayer and colleagues found that continuous local infusion of basic fibroblast growth factor appeared

to enhance early revascularization and epithelial regeneration in tracheal isograft segments in rats when

implanted in the omentum.157 Olech and colleagues, in contrast, detected no beneficial effect of growth fac-

tor, but basic fibroblast growth factor was administered as a single local application in a carrier.158

Allografts: Fresh and Devascularized. Fresh tracheal allografts without the aid of immunosuppression

will initiate rejection.156,159–161 Uniform failure of fresh allografts of any length occurs, even with immune

suppression (Imuran, Decadron) in the absence of revascularization.4,20,30,84,154 Neville and colleagues iden-

tified the same processes as seen with autografts, with survival only in very short grafts where the resulting

fibrous tissue was too limited to obstruct the lumen.154 With longer allografts, all their dogs died. Allografts

of partial tracheal wall removal prevented obstruction, but grafts were replaced by flaccid scar.162

Fresh tracheal allografts were earlier demonstrated to necrose and liquefy, or if short, to result in

fibrous stenosis.6,44,45,156,163,164 Beigel and colleagues found from experimentation in inbred rats that tracheal

transplants carry antigens and have an immunogenic action from the donor, and that mucosa is rejected

and replaced by the recipient’s cells, hence concluding that tracheal transplants follow the same rules as

other tissues, in opposition to earlier belief that the trachea had weak antigenicity.159,165 Bujia and col-

leagues also agreed that mucosa from the human trachea was likely the major antigenic structure respon-

sible for the immunogenic action of tracheal allografts.160

Allografts: Preserved and Devascularized. In 1950, Jackson and colleagues found that partly deepithelized,

Merthiolate-treated, and cold-preserved canine allografts failed in their repair of extensive defects.6 Cartilage

resorption and scar replacement produced collapse and obstruction. In 1952, Davies and colleagues found that

fresh canine allografts, preserved in Tyrode’s solution or in 4% formaldehyde, narrowed to complete obstruc-

tion in 1 to 3 weeks.166 Epithelium and cartilage disappeared and fibrosis occurred. Pacheco and colleagues

described the destruction and fibrosis of fresh allografts (short enough so that autografts in concurrent exper-

iments survived), and the stenosis of allografts that were preserved in alcohol or saline or lyophilized.156 Björk

and Rodriguez confirmed this in grafts preserved in Tyrode’s solution at –4°C, in lyophilized grafts, and in

grafts formalinized or preserved in alcohol.26 Keshishian and colleagues observed liquefaction and necrosis of

canine allografts preserved in Tyrode’s solution at –4°C.13 Cryopreserved cartilaginous allografts, placed on tra-

cheal window defects in piglets, appeared to survive with some resorption and to become epithelized.167

Keshishian and colleagues transplanted six-ring allografts in dogs after about 2 weeks of preservation

in Tyrode’s solution.13 All necrosed. Diced autogenous costal cartilage molded between glass and stainless

steel mesh survived in rectus muscle, but not as a tracheal replacement. When half the cartilage was allograft,

the implant failed in muscle, too. Lenot and colleagues demonstrated in pigs the necrosis of devascularized

tracheal allografts pretreated with glutaraldehyde, glycerol, lyophilization, or cryopreservation.168 Immuno-

suppressive agents and steroids were not given. All died from resulting airway obstruction. Although there

was a variation of response in some accordance with the methods of preservation, the results were uniformly

disastrous/all leading to ischemic necrosis of the epithelium, submucosa, and cartilage.

This slow accumulation of evidence in both autografts and allografts treated in a variety of ways

made it clear that blood supply was critical if successful tracheal transplantation was ever to be possible.

Macchiarini summarized this as follows: “(D)evascularized tracheal allografts necrose whatever the con-

servation procedure. Only a living substitute, therefore vascularized, can pretend to fulfill the anatomic

mechanical and anti-infectious functions of the trachea.”169
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Vascularized Grafts

Revascularization of an orthotopic tracheal graft can be accomplished indirectly with pedicled omentum,

intercostal muscle, musculofascial flap, or other pedicles, or directly by vascular anastomoses.

Autografts: Fresh and Indirectly Vascularized. Hirata, Messineo, and Borro and their colleagues used

omentopexy to revascularize free tracheal grafts in rats and in dogs, with considerable success.170–172

Nakanishi and colleagues demonstrated that omental wrapping allowed fresh tracheal autografts to recover

from the early ischemic changes as new vessels connected to the graft.155 Morgan and colleagues had earlier

demonstrated the neovascularizing potential of the omentum for bronchi.173 Fell and colleagues found an

intercostal pedicle flap to function similarly in bronchial autografts.174 Li and colleagues noted better 

vascularization and survival of autografts, initially reimplanted in the omentum abdominally and then

transferred 2 weeks later to a tracheal site on an omental pedicle.175 However, even with omental re-

vascularization, canine autografts longer than 4 cm (8 to 10 rings) frequently showed stenosis or dissolution

in their central portions due to ischemia.176 Introducing the omentum into an autograft split at the 

midpoint did, however, provide sufficient vascularity to prevent central graft necrosis.177

On the negative side, Balderman and Weinblatt did not find that omental wrapping sustained chon-

drocyte viability in eight-ring tracheal autografts in dogs.178 Li and colleagues improved epithelial and

chondrocyte survival by preliminary implantation of autografts into the omentum, about 2 weeks prior to

transfer to an orthotopic location. Tojo and Mukaida and their colleagues showed survival of omental-

wrapped autografts with a normal histologic structure.179,180 Murai and colleagues removed cartilage rings

from long autografts to improve the omental contact and revascularization of the epithelium.181

Allografts: Fresh or Preserved and Indirectly Vascularized. Fresh allografts with omental revascularization

failed, most probably due to rejection.178–180,182–184 Recovery of the epithelium from initial damage prior to

establishment of vascular supply from the omentum, which is seen in autografts, failed to occur in allo-

grafts.185 Cryopreserved allografts with omental flap revascularization survived without immunosuppres-

sion.179,180,186 Cryopreservation seems to inhibit allogenicity while structural integrity appears to be main-

tained. Mukaida and colleagues observed a gradual replacement of graft epithelium by recipient epithelial

cells after 50 to 60 days.187 Deschamps and colleagues noted some deterioration of cartilage in allografts

implanted in abdominal muscle for vascularization, despite cryopreservation.188 Other tracheal elements

seem to be unchanged. Moriyama and colleagues found that cryopreservation of allografts reduced acute

rejection and permitted early revascularization, but that chronic rejection then led to vascular occlusion

and atrophy.189 Working with orthotopic cryopreserved tracheal allografts in rats without immune sup-

pression, Tojo and colleagues also identified the late (2 months) graft epithelium to be of recipient origin,

whereas the chondrocytes were of donor origin.190 They concluded that the recipient origin of the epithe-

lium over the donor trachea accounted for the reduced antigenicity of the cryotransplanted trachea.

Inutsuka and colleagues noted the feasibility of cryopreservation of tracheocarinal allografts in dogs (for 3

weeks at –80°C) and subsequent viability in 75% without immunosuppression.191 The effectiveness of

cryopreservation is unexplained.

Based on the likelihood that the mucosa and not the cartilage is the major antigenic structure of the

trachea, Liu and colleagues removed the epithelium with a detergent.184 Omental revascularization was

provided and the cartilage remained viable. Incorporation of allografts (without immunosuppression)

without stenosis was observed, in contrast to granulation tissue formation and stenosis in untreated con-

trols. Yokomise and colleagues reported long-term (greater than 1 year) survival of heavily irradiated five-

ring allografts (100,000 cGy) with an omental pedicle for vascularization.182 No immunosuppression was



given. This is likely the result of ablation of the tracheal epithelium by irradiation, since the epithelium

seems to have strong antigens, whereas cartilage does not.159,192

Major histocompatibility complex antigens (MHC II, MHC I) are expressed in the epithelium and

mixed glands of the trachea and not in cartilage.160 Moriyama and colleagues found that immunosuppression

was essential for tracheal graft survival along with omentopexy in dogs.183 Davreux showed that tracheal

allograft viability in rats, wrapped in omentum and heterotopically implanted, was improved with

cyclosporin A.193 Central portions of longer grafts were less well vascularized. Late endothelial repopulation

by host cells was cited. The trachea survived where control skin grafts did not. Ueda and Shirakusa experi-

enced failure in 4 of 6 carinal allografts in dogs with omental wrapping and immunosuppression.194 Failure

was attributed to failure of blood supply, even in short-segment grafts. Delaere and colleagues concluded

that initial heterotopic tracheal transplantation (in rabbits) using a fascial vascular carrier flap, with a 2-week

delay to orthotopic placement with immunosuppression, improved success in allotransplantation.195,196

Clinical tracheal allotransplantation has been tried in humans, with success reported in 1 patient after

9 weeks.165 The donor trachea was first implanted heterotopically in the sternocleidomastoid muscle, and

pedicled orthotopically in 3 weeks. No immunosuppression was employed. In another human long-segment

allograft with omental revascularization and immunosuppression, necrosis and stenosis occurred, requiring

a stent that could not be removed.197 Its “success” must be questioned.

Direct Revascularization

Experimental. The arterial and venous supply of the trachea (see Chapter 1, “Anatomy of the Trachea”)

does not lend itself easily to direct revascularization. The vessels are of tiny diameter and segmental in dis-

tribution. Khalil-Marzouk faced this problem by preparing a composite thyrotracheal graft, anastomosing

the thyroid artery to the common carotid artery.198 Venous anastomosis was not done. In the absence of

immunosuppression, the cartilage was preserved but the tracheal soft tissues necrosed. With cyclosporin

and hydrocortisone, all tracheal tissues survived.

Macchiarini and colleagues, in a heterotopic pig model using cyclosporin, observed the preservation

of tracheal grafts, including the epithelium, but only where both arterial and venous anastomoses were

accomplished.199 Venous infarction occurred in the absence of venous anastomosis. Khalil-Marzouk’s

observations are difficult to reconcile with this.198 Grafts were 9 to 11 cm long. Isolated areas of sub-

mucosal necrosis, especially in the membranous wall, repaired within a week.200 These investigators also

explored experimental thyrotracheoesophageal transplantation, adding perfusion of the arterial system of

the graft with Euro-Collin’s solution.201

Clinical. In double-lung transplantation, direct bronchial artery revascularization has been done to pre-

vent the still major threat of ischemia at the tracheal anastomosis. Couraud and colleagues harvested an

aortic patch at the origin of the right intercostobrachial artery, connecting it to the recipient aorta with a

saphenous vein graft.202 Daly and colleagues anastomosed the largest bronchial artery in a patch of donor

descending aorta to the left internal thoracic artery.203

Strome and colleagues described a fresh laryngeal transplantation with complete human leukocyte

antigen matching, which included a five-ring segment of trachea, thyroid, and parathyroids, and a portion

of attached pharyngeal wall, plus both superior laryngeal nerves and right recurrent nerve, to replace a

totally scarred larynx due to trauma years before.204 Arterial, venous, and neural anastomoses were per-

formed, and perfusion was established early in the procedure. Over time, the patient regained vocal cord

function and normal deglutition. Despite one episode of rejection, health and function were good at 40

months, with continued immunosuppression. This success, if generally repeatable, would seem to encour-
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age a similar trial for the trachea. However, the quality of life issues involved in providing a functional lar-

ynx and voice are not comparable with providing a conduit for the trachea. Since tracheal transplantation

would presently be applicable only to benign disease, the efficiency and safety of a T tube, currently in use,

must be compared with the hazard of surgery and the chronic disease state of immunosuppression, now

necessary for any tracheal transplantation.

Conclusions

The flood of experimental tracheal transplantation experiments in recent years, briefly noted above, has clar-

ified some issues. A free autograft—an experimental procedure by definition—can sometimes succeed if it

is short and if it is at least vascularized by omentum. Fresh allografts require immunosuppression to counter-

act rejection and will only succeed (and then somewhat unpredictably) with omental revascularization,

if very short in length. Cryopreserved allografts may survive under the same conditions without immuno-

suppression, but for unknown duration. Optimal regimens for immunosuppression and preservation have

not been established. Other techniques for reducing antigenicity have been tried in the laboratory. Long

grafts show necrosis or proliferation of granulation tissue, progressing to stenosis in their center. Epithelization

fails to proceed centrally. Arterial revascularization, because of the multiplicity and small size of blood 

vessels supplying the trachea, thus far demands transplantation of adjacent organs which share blood supply

with the trachea; that is, the thyroid gland and at least part of the esophagus. With these present limitations,

the prospects for a justifiable tracheal transplantation as a solution for extended tracheal resection, which is

most often needed for malignant disease, remain remote.
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Cellulitis

delaying resection, 447
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Central airway obstruction

management of, 777f

Central posterior tumor, 564f–565f

Cervical esophageal stenosis, 809f

Cervical exenteration

postcricoidal esophageal carcinoma, 682

Cervical incision

cervicomediastinal exenteration

mediastinal tracheostomy, 683–684

for extended tracheal resection, 511f

with preexisting stoma, 510f

Cervical injury, 272

Cervical laryngotracheal blunt trauma,

273f

Cervical spine injury

airway assessment and establishment, 279

Cervical trachea

cutaneous-platysmal tube, 659f

fluoroscopy of, 107–108

granular cell myoblastoma of, 145f

laser, 722

normal anatomy of, 103–106

separation of, 280f

stomal stenosis of

computed tomography of, 123f

Cervical tracheal injuries

acute, 633f

clinical characteristics of, 276

Cervical tracheal stenosis

exposure of, 523f

radiography of, 122f

Cervical trauma

repair of, 631–639

Cervical vertebrae

subluxation of, 272

Cervicomediastinal exenteration, 15–16

mediastinal tracheostomy, 681–692

final result, 691f

operation, 683–684

operative field, 686f

reconstruction, 688–691

resection, 685–686

omentum, 806

for thyroid cancer, 258

Cervicomediastinothoracic resection, 594

Check valve phenomenon, 70

Chemodectoma, 94

Chest radiographs

stents, 775

Chest trauma

dyspnea after, 284f

Chicken bone

in larynx, 126f

Children

acquired lesions, 187–190

adenocarcinoma in, 189f

anastomosis in, 196

assessment of, 190–193

bronchial resection in, 434

bronchogenic cyst in, 189f

carinal adenocarcinoma, 216

extrinsic lesions in, 188

foreign bodies, 708

fistula from, 348f

near-normal chest x-ray, 713f

granuloma in

from tracheostomy tube, 319f

hemangiomas in, 188

imaging in, 190–191

lesions, 25–26

non-operative treatment of, 195–196

pneumonectomy in, 190

pneumothorax

during tracheostomy, 295

postintubation stenoses, 187–190

postintubation tracheoesophageal 

fistula in, 188

postpneumonectomy syndrome,

113–116

recurrent respiratory papillomatosis in,

188

respiratory obstruction following 

extubation, 303

rigid bronchoscope, 292f

squamous papilloma, 74

subglottic laryngotracheal stenosis

repair of, 197

thymic cyst in, 189f

trachea in, 45f

resection and reconstruction of,

196–197

wall of, 43

tracheal dimensions of, 40, 43t

tracheostomy in, 188, 297–299

vs. silicone T tube, 195

tracheostomy tube, 298f

treatment of, 193–203

tumors in, 188

Vicryl sutures in, 534

Choke point, 63

Chondroblastomas, 90, 220, C6

radiography of, 224f

Chondromas, 89, 138–139, 220

benign

computed tomography of, 222f–223f

of larynx

computed tomography of, 144f

Chondrosarcomas, 90, 220, C9, C13

computed tomography of, 154f

of larynx, 221f

lateral laryngotracheal excision for, 566f

radiography of, 154f

Chronic obstructive pulmonary disease, 69

associated with malacia, 398

deformation in, 42

expiratory collapse with, 645–649

flow volume loop (FVL), 63f, 69f

upper airway obstruction, 67–70

Chronic tracheal injuries

repair of, 641–643

Cicatricial stenosis, 371

anesthesia, 472

dilation, 472–475

urgent treatment of, 471–475

Circumferential subglottic stenosis, 557–561

from endotracheal tube injury, 559f–560f

laryngotracheal anastomosis after 

resection, 561f–562f

Circumferential wrap, 594

of intercostal muscle, 577

Cisplatin, 796

Clagett procedure, 808, 825

Clamshell incision, 11

Clamshell thoracotomy, 599

Clothes line injuries, 633f

Cocoanut Grove fire, 286

Collagen injection, 705

Collar incisions, 594

for anterior tracheal reconstruction,

521, 522f

for benign tracheoesophageal fistula

(TEF) repair, 570–571, 574

for cutaneous tube reconstruction, 658

for esophageal bypass, 578f

for malignant tracheoesophageal fistula

(TEF) repair, 577

for postintubation tracheoesophageal

fistula (TEF), 510

for upper trachea approach, 509f

Colon carcinoma, 83

Combined cervical tracheal and

esophageal rupture

from blunt injury, 638f

Communi-Trach I, 740

Complete laryngotracheoesophageal 

cleft, 27

Complete sternotomy, 511f

Complex stenosis

tracheobronchogram, 672f

Computed tomography, 108–110

for bronchogenic carcinoma, 263

for thyroid carcinoma, 251

Concurrent tracheostomy, 336

Conforming stent, 700f, 702f

Congenital abnormalities, 111–113

Congenital bronchial stenosis, 177

Congenital bronchoesophageal fistula

(BEF), 175–176, 352–354



classification of, 352f

clinical presentation and diagnosis of, 352

contrast esophagogram of, 353f

thoracotomy of, 353f

treatment of, 353–354

Congenital fistula

between biliary and respiratory tracts,

175

Congenital H-type esophagobronchial 

fistula

barium enema of, 156f

radiography of, 156f

Congenital H-type tracheoesophageal 

fistula, 194f

Congenital malformations, 25–26, 174–187

tracheostomy for, 297–299

Congenital stenosis

atypical, C11

with circular O rings, 193, 193f

magnetic resonance imaging of, 192f

resection and reconstruction of, 203

slide tracheoplasty for

radiography of, 200f

treatment of, 197–203

Congenital tracheal lesions

anastomosis, 671

anterior patch tracheoplasty, 665–668

repair of, 665–674

resection and reconstruction, 665

slide tracheoplasty, 668–671

Congenital tracheal stenosis, 27, 42,

177–179, 178f, C11

clinical presentation of, 190

with complete cartilage rings, 179f

computed tomography of, 114f

imaging of, 112

with irregular, confluent cartilage

plates, 180f

with left pulmonary artery sling, 181f

resection and reconstruction, 666f

surgical techniques for, 198f

Congenital tracheal stenosis imaging of,

191f

Congenital tracheobronchial malacia, C12

Congenital tracheoesophageal fistula, 342

Congenital tracheomalacia, 181, 183f, 397

Congenital vascular anomalies, 413–414

imaging of, 112–113

Congenital vascular rings, 183, 184t, 185f

Connell sutures, 574f

Constant positive airway pressure (CPAP)

carinal resection and reconstruction, 463

Continuous hyperfractionated accelerated

radiotherapy (CHART), 800

Contrast esophagography

for mechanical injury, 279

Conus elasticus, 44f

Coolidge, Algernon, 707

Cooper, Joel D., 24f

Coring technique

removing obstructed airway tumors,

476–478

Coronary artery disease

following resection, 491

Corticosteroids, 332, 379, 450

contraindicating bronchoplasty, 620

Cough

palliation of, 794

on swallowing, 276

Couraud, Louis, 16f

CPAP, 463

Crawford, E. Stanley, 496

Cricoarytenoid arthritis, 696

Cricoid cartilage, 42, 44f

bronchoscopy of, 166, 167f

embryology of, 173

Cricoid fracture, 273f

Cricoid pressure, 457

Cricoid resection, 14

Cricopharyngeal muscle spasm, 705

Cricothyroid muscle

anatomy of, 693

Cricothyroidotomy, 293, 294

stenosis and granuloma at, 308f

Cricothyrotomy

as emergency tracheostomy, 698

Crushing chest injuries, 639–641

Crush injuries

of bronchi, 274

Cuff

design of, 738

Cuffed fenestrated tracheostomy tube,

741f

Cuff stenosis, 123, 124f, 309, 312f, 313

avoidance of, 500

computed tomography of, 125f, 126f

evolution of, 313f

experimental production of, 317f

photomicrography of, 316f

prevention of, 320–325

Cuff volume, 323

Cutaneous incision

for extended tracheal resection, 511f

Cutaneous-platysmal tube

cervical trachea, 659f

Cutaneous tracheal replacement, 660f

Cutaneous tube

completion of, 661f

reconstruction, 662f

of trachea, 658–663

Cutis laxa, 154

Cyclophosphamide, 379, 796

Cylindroma, 9, 19, 80

Cysts, 141, 408–410

D

Dacron polyester, 334

Dacron sutures, 487

Dashboard injuries, 633f

Decadron, 480

Deceleration injuries

anesthesia, 457

Dedo release technique, 540, 541f

De Garengeot, René-Jacques Croissant, 2

Dehiscence

following sleeve lobectomy, 436

Depo-Medrol (methylprednisolone

acetate), 492

Détharding, Georges, 2

Diagnosis

failure of, 486

complications due to, 491

Diagnostic endoscopy, 161–172

techniques of, 163–172

Differentiated papillary thyroid 

carcinoma

computed tomography of, 255f

lateral laryngotracheal excision for,

566f–567f

natural history of, 259

Difficult intubations

tools for, 292f

Diffuse glomus tumor

bronchoscopy of, 225f

Diffuse papillomatosis

computed tomography of, 143f

Diffuse pulmonary fibrosis, 154

Diffuse tracheobronchial stenosis

in sarcoidosis

computed tomography of, 132f

Dilation, 329

stenosis, 474

Diode laser, 722

subglottic stenoses, 727

Diphtheria, 188, 371

Direct laryngoscopy, 696

stent placement, 781

Diverticula, 411

Donor airway blood supply

optimizing, 832t

Dormia stone basket, 711, 715

Dorsal membrane, 70

Double cannula cuffed tube, 736

Double cannula cuffless tube, 736

Double cannulas, 739

Double-lumen tube, 588

carinal resection and reconstruction, 463

Dumon-Harrell bronchoscope, 731, 781
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Dumon stent, 203, 767

complications of, 784

Dwarfism, 397

Dynamic obstruction

anesthesia, 454–456

Dynamic stent, 767, 768f

complications of, 787

Dysphonia, 282

Dyspnea, 454

after chest trauma, 284f

on effort, 325

palliation of, 794

E

Echocardiography

in children, 190

Ehlers-Danlos syndrome, 154

Elderly

trachea in, 45f

Eliachar laryngeal stent, 636f

Emergence

anesthesia, 461–463

Emergencies

in non-hospital settings, 293

Emergency airways, 291–292

Emergency endotracheal intubation, 327

Emergency resection

of tracheal stenosis, 445–446

Emergency tracheal dilation

general anesthesia, 472

Emergency tracheostomy

cricothyrotomy as, 698

indication for, 279

Emphysema

expiratory portion of flow volume loop

(FVL), 63

flow volume loop (FVL), 63f

Empyema, 808, 816

Endobronchial polyposis

following inhalation burns, 287

Endoluminal stents

anesthesia, 468–469

Endoscopy

in children, 191–192

diagnostic, 161–172

of tracheal lesions, 446

Endotracheal intubation

anterior tracheal reconstruction,

517–519

emergency, 327

for resection, 461f

tracheobronchial lacerations after,

274–275

Endotracheal tube (ET), 13, 292f

carinal resection and reconstruction,

463, 464f

exerting pressure on larynx, 303f

from extended armored endotracheal

tube, 467f

female, 697

from modified endotracheal tube, 467f

resection, 460

suture passed through, 530f

for transthoracic tracheal resection,

587–588

Endotracheal Y stent, 836f

End-stage sarcoidosis

tracheal stenosis in

chest radiography of, 132f

End-to-end anastomosis

carinal reconstruction, 604

historical review of, 4

Epiglottic primordium

embryology of, 173

Epinephrine, 496

Epithelial tumors

imaging of, 146–153

Eschapasse, Henry, 11f

Escherichia coli, 296, 489

Esophageal atresia, 174, 342

Esophageal avulsion

motorcycle cable injury, 281f

Esophageal bypass

for malignant tracheoesophageal fistula

(TEF), 578–579, 578f–579f

Esophageal carcinoma, 267

with fistula, 344

Esophageal fistula, 571–572

computed tomography of, 157f

Esophageal injury, 279

Esophageal leiomyomatosis, 267

Esophageal separation, 634–638

Esophageal speech

after laryngectomy, 281

Esophagectomy

postsurgical fistulae following, 347

Esophagorespiratory fistula

from necrotizing esophagitis, 347

Esophagoscopy, 163

of fistula, 344

Esophagus, 46

closure of, 571, 574f

dissection of, 575–576

lacerations of, 274

postcricoid squamous cell carcinoma

of, 267

tears of, 272

ET. See Endotracheal tube (ET)

Exercise

tracheal stenosis, 70

Exogenous dyes

subglottic stenoses, 727

Expandable prosthesis

infants, 28

Expandable stents, 331, 778–779

causing tracheoesophageal fistula

(TEF), 342

vs. silicone stents, 778t

Expiration

extrathoracic obstruction, 68f

Expiratory collapse

with chronic obstructive pulmonary

disease, 645–649

Expiratory curves

interpretation errors of, 64

Expiratory flow, 66f

Expiratory tracheobronchial collapse

splinting procedure for, 647f

Extended resection

of lower trachea, 595

tracheal, 511f

Extend endotracheal tube, 518f

External irradiation

injuries from, 289

External laryngeal relationships, 44f

Extracorporeal circulation, 10

Extrinsic compression, 397

lesions, 401–427

Extubation

in operating room, 479

F

Fabricius of Aquapendente, 2

Fallen lung sign, 116

Fat injection, 705

Female

endotracheal tube, 697

trachea, 42f

Fenestrated tracheostomy tubes, 741–743

Fenestration

bedside technique of measuring for, 742f

Fibroblastic tumors, 86–87

Fibrohistiocytic tumors, 86–87

Fibromas, 87, 228

computed tomography of, 229f

Fibromatosis, 87

Fibrosarcoma, 87, 230, C5

Fibrosing mediastinitis, 129

computed tomography of, 131f

Fibrosis

pathology of, 375

Fibrous histiocytoma, 140, 226

benign, 87–88

Fienus, Thomas, 2

Fingertip subcricoid minitracheostomy,

294

Fixed stenosis

anesthesia, 453–454



Fixed tracheal stenosis, 69

Fixed upper airway obstruction, 65–66

Flexible bronchoscope, 292f

stenosis, 529f

Flexible bronchoscopy, 171

anesthesia, 459

awake

prior to resection, 491

for foreign body aspiration, 711–712

for mechanical injury, 278

vs. rigid bronchoscopy, 729

stenting, 777

for thyroid carcinoma, 251

Flexible pediatric bronchoscope, 191–192

Floppy airways

negative inspiratory intrapleural 

pressure, 71f

Flow volume loop (FVL), 61–64, 62f, 65f,

405f

chronic obstructive pulmonary disease,

69f

emphysema, 63f

expiratory flow decline, 71f

normal expiratory, 62

repetitive attempts at, 64f

slide tracheoplasty, 202f

Fluoroscopy, 107–108

of benign fistula, 343

in children, 190

prior to resection, 491

of thyroid carcinoma, 251

Focal amyloidosis

radiography of, 139f

Focal malacia, 182

Focal tracheal amyloidosis

computed tomography of, 140f

Focal tracheomalacia, 397

Fogarty balloon, 711

Foley venous occlusion catheter, 476

Follow-up care, 481–482

Fome-Cuf tracheostomy tube, 739

Forced vital capacity (FVC), 61

bronchial sleeve resection, 438f

Foreign bodies, 707–717

children, 708

near-normal chest x-ray, 713f

clinical presentation, 708–709

complications of, 714–716

epidemiology, 708

fistula from, 341, 348f

historical overview of, 707

physical examination, 709

radiographic evaluation, 709–710

treatment of, 710–714

upper tracheoesophageal fistula from,

346f

Free grafts, 844

Fungal disease, 128–129

FVC, 61

FVL. See Flow volume loop (FVL)

G

Gastroepiploic arteries, 801

Gastroesophageal reflux

laryngeal effects of, 372

Gelfoam injection, 705

Gelpi retractor, 524, 525f

General anesthesia

emergency tracheal dilation, 472

Germ cell tumors, 410–411

Giant fistulae, 341, 571, 573f

Giant postintubation tracheoesophageal

fistula (TEF), C15

Gianturco stents, 767

complications of, 785

Gigli saw, 685

Glomangioma, 94

Glomus tumor, 94, 225, C7, C14

Glottic chink, 693, 696

Glottic function

prior to resection, 491

Glottic incompetence

failure to recognize, 486

Glottic stenosis

anterior, 697, 697f

Glottis, 693

relapsing polychondritis

computed tomography of, 136f

Glue

for postpneumonectomy broncho-

pleural fistula, 822

Goiter, 401–408, 406f, C16

computed tomography of, 407f

magnetic resonance imaging of, 111f

Granular cell myoblastoma, 225

of cervical trachea, 145f

Granular cell tumor, 92–93, 140, 225,

226f, C7

Granulation tissue

anastomosis, 487

in resection, 492

Granulomas, 21, 118, 310f, 317, 715

causing fistula, 341

in children

from tracheostomy tube, 319f

following extubation, 308

of larynx, 308f

Granulomatous lesions, 124–133

Granulomatous mediastinitis, 129

Grasping forceps, 711

Grillo, Hermes C., 7f, 18f

Gross, Samuel D., 707

Guardian suture, 491, 539, 539f

Gunshots, 271

H

Habicot, Nicholas, 2, 3f

Hairpin aortic arch, 187f

surgery for, 655–658, 657f

Hamartomas, 93–94, 140, 228

vs. cartilaginous tumors, 220–221

Hamman’s sign, 276

Heat and moisture exchanger, 746

Heimlich maneuver, 293

Heister, Lorenz, 2

Helium-oxygen inhalation, 69

Hemangiomas, 90–91, 139–140, 221

in children, 188

Hemangiopericytomas, 91, 411, C6

Hemithorax

drainage after pneumonectomy, 818f

ipsilateral, 824–825

Hemopneumothorax, 276

Hemoptysis, 231, 276, 287

palliation of, 794

Hemorrhage

avoidance of, 500

control of, 582f, 583, 586

following reconstruction, 488

prevention of, 493–494

with lasers, 732

Heparin, 628

High-dose radiation therapy

results, 799–800

tracheal cancer, 793–794

High-pressure cuffs

postmortem specimens of tracheae

injured by ventilation using,

315f

postmortem tracheal specimens of

patients ventilated with, 314f

High tracheal stenosis, 550f–552f

High tracheostomy, 294

Hilar mobilization, 596

Hilar release, 513, 543–544, 595, 597f

Hindu medicine, 4

Hippocrates, 2

Histoplasma capsulatum, 129, 366

Histoplasmosis, 188, 189, 365–369, C16

acquired bronchoesophageal fistula

from, 354, 354f

magnetic resonance image, 366f

Hodgkin’s lymphoma, C8

Holinger anterior commissure laryngo-

scope, 163, 164f

Holinger laryngoscope, 193, 696

Holmium:YAG laser, 722

Hood speaking valves, 746
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Hood stent, 767, 768f, C11

complications of, 784

Hopkins telescope, 163, 472, 476

HPV, 74, 137–138

Human papilloma virus (HPV), 74,

137–138

Hurthle cell variants, 93

Hyalin-vascular lymph node hyperplasia,

411

Hypoxemia, 732

I

Iatrogenic tracheal lacerations, 638–639

Idiopathic laryngotracheal stenosis, 27,

133, 373f, C15

distribution of, 372f

Idiopathic stenosis, 371–377

of distal trachea and carina, 377f

laryngotracheal resection and recon-

struction for, 374f

pathologic findings in, 376f

radiologic study of, 372–373

of trachea, 774

computed tomography of, 135f

Imaging, 103–158

in children, 190–191

technique of, 106–111

Immune deficiency syndrome, 154

Immunosuppressive regimen

in lung transplantation, 827

Incisions

for cervicomediastinal exenteration

mediastinal tracheostomy, 684f

for suprahyoid laryngeal release, 512f

for upper trachea approach, 509f

Indirect mirror examination

vocal cords, 695

Indole-3-carbinol, 728

Infants

expandable prosthesis, 28

intrathoracic tracheal anastomosis, 591

Vicryl sutures, 671

Infection

delaying resection, 447

with lasers, 732

Infectious lesions, 27–28

Inferior thyroid artery, 51, 52f–53f

Infiltrating spindle cell sarcoma, 230f

Infiltrative lesions, 377–387

Inflammation

delaying resection, 447

Inflammatory lesions, 27–28, 377–387

Inflammatory myofibroblastic tumor

(inflammatory pseudotumor),

98–99

Inflammatory pseudotumor, C14

magnetic resonance imaging of, 227f

Inflammatory subglottic stenosis

laryngotracheal reconstruction,

549–562

Infrastomal obstructive lesions, 309–319

Ingestion burns, 288–289

Inhalation anesthesia

anterior tracheal reconstruction,

517–519

carinal reconstruction, 600

Inhalation burns, 25, 284–288

cervical roentgenogram of, 288f

endobronchial polyposis following, 287

Inhaled nitric oxide

for adult respiratory distress syndrome

(ARDS), 264–265

Innominate artery

anterior compression by, 113

Inspiration

extrathoracic obstruction, 68f

Inspiratory flow, 66f

Intensive care

postoperative management in, 480–481

Intercostal muscle

circumferential wrap of, 577

Interferon, 221, 728

Intraconazole, 366

Intralaryngeal injection

equipment for, 167f

Intrapericardial release, 596

Intrathoracic bronchial injury, 276

Intrathoracic lower tracheal laceration

with esophageal tear, 641f–642f

Intrathoracic separation, 492

Intrathoracic trachea

radiography of, 106–107

Intrathoracic tracheal anastomosis

infants, 591

sutures, 591f

sutures for, 591f

Intrathoracic tracheal injury, 276

Intrathoracic tracheal rupture

mediastinal emphysema in, 276–277

Intratracheal injection

equipment for, 167f

Intratracheal thyroid, 99–100

Intrinsic muscles

of larynx, 693, 694f

Intubation

laryngeal problems following, 302–307

for operation through existing stoma,

519f

for ventilation causing acquired stenosis,

190

Invasive papillary carcinoma of thyroid, C5

Invasive squamous cell carcinoma, C1

Invasive tracheal papillomatosis, 74

Ipsilateral hemithorax, 824–825

Irradiated trachea, 25

Irradiation

injuries from, 289

J

Jack, Gordon

method of closure after right pneu-

monectomy, 818f

Jackson, Chevalier, 2, 707

Jackson bougies, 380

Jackson bronchoscope, 165, 165f, 166f,

472, 473f, 476, 780

Jackson laryngoscope, 472, 474f

Jackson-Pilling esophageal bougies, 472

Jet catheter

resection, 460

J incision, 510

J-shaped trap door incision, 513

Juvenile papillomatosis, 74

Juvenile trachea, 42f

healing of, 193–203

K

Kaposi’s sarcoma, 91, 230, C6

Kelly forceps, 753

Ketamine hydrochloride, 460

Ketoconazole, 366

Kirschner procedure, 577

Klebsiella rhinoscleromatis, 130–131

Kocher maneuver, 682

Kommerell’s diverticulum, 186, 186f

KTP laser, 721

subglottic stenoses, 727

L

Ladder incisions, 510

Lanois-Bensaude adenolipomatosis,

411–413

Large cell carcinoma

computed tomography of, 264f

Large cell neuroendocrine carcinoma

(LCNEC), 78

Large cell undifferentiated carcinoma,

76–77

Large-volume, low-pressure cuff

experimental use of, 322f

Large-volume, low-pressure tracheostomy

tube cuffs

vs. low-volume, high-pressure cuffs,

323f

Large-volume cuffs, 24

overinflation of, 341

Laryngeal anastomoses

tracheostomy with, 293



Laryngeal carcinoma

recurrent, 17

Laryngeal cartilage

embryology of, 173

Laryngeal edema

following reconstruction, 489, 495–496

Laryngeal fracture, 635f

Laryngeal function

delaying resection, 448

Laryngeal inflammatory processes

acute

tracheostomy for, 297–299

Laryngeal mask airway (LMA), 172f, 292f,

327

flexible bronchoscopy, 459

for tracheoesophageal fistula (TEF), 456

Laryngeal reconstruction, 14–15

Laryngeal release, 8, 595

extended resection

anterior tracheal reconstruction,

540–542, 541f

Laryngeal resection, 14–15

Laryngeal separation, 635f

Laryngeal trauma

computed tomography of, 117f

imaging of, 116

Laryngectomy

esophageal speech after, 281

Laryngoceles, 141

Laryngomalacia, 182

Laryngoscopy, 161–162

for mechanical injury, 277

techniques of, 163–164

Laryngotracheal anastomosis

after resection of circumferential 

subglottic stenosis, 561f–562f

with posterior mucosal flaps, 563t

Laryngotracheal groove

embryology of, 173

Laryngotracheal papillomatosis, 371

Laryngotracheal reconstruction, 549–567

lower larynx and trachea neoplasms,

562–567

Laryngotracheal stenosis, 550f–552f, 809f

idiopathic, 27, 133, 373f, C15

distribution of, 372f

Laryngotracheal sulcus

embryology of, 173

Laryngotracheoesophageal cleft, 176, 177f

approach to proximal segment, 679f

carina

bronchoscopy, 676f

extension into bronchi

repair of, 677f

incisions, 678f

repair, 675–680

Larynx

anatomy of, 41f, 693–695

assessment of, 695–696

chicken bone in, 126f

chondromas of

computed tomography of, 144f

chondrosarcoma of

computed tomography of, 221f

development of, 174f

endotracheal tube exerting pressure on,

303f

fluoroscopy of, 107–108

function of, 693–695

injury of, 272

mechanical injuries of

delayed management of, 281–282

results of, 280–283

normal anatomy of, 103, 104f

computed tomography of, 105f

radical removal of, 255

squamous cell carcinoma

recurrence of, 267

squamous papilloma of, 141f

stenosis and granuloma at, 308f

tuberculosis of, 125

Laser

anesthetic technique, 730–731

applications, 725–730

cervical trachea, 722

complications of, 731–732

exposure and technique, 722–723

operative technique, 731

removing obstructed airway tumors,

476–478

selection of, 723t

stenosis, 474

subglottic larynx, 722

wavelengths, 720t

web-like stenosis, 726f

Laser bronchoscopy

advantages and disadvantages of, 730t

complications of, 732t

indication for, 729t

Laser burns, 289

Laser therapy

historical review, 719–720

tracheobronchial lesions, 719–733

Lateral films

of neck, 106

Latex cuff, 321, 322f, 323

Latex large-volume cuff, 324f

LCNEC, 78

Lebsche sternal knife, 524

Left carinal pneumonectomy, 610–612,

611f

Left common carotid artery, 47

Left lower lobe bronchoplasty, 625–627

Left pneumonectomy

carinal resection, 610–612

Left pulmonary artery sling

anomalous

anatomic relationships with, 182f

in children, 190–191

Left subclavian artery

anomalous, 186, 186f

Left upper lobe bronchoplasty, 625

diagram of, 626f

Leiomyoma, 88, 228, C5, C6

Leiomyosarcoma, 88–89, 230

Lembert sutures, 531, 574f

Lewy suspension apparatus, 163

Ligamentum arteriosum, 186, 610

Lightweight swivel trachea connectors, 24

Lipoma annulare colli, 411–413

Lipomas, 89, 140, 228

Lipomatous tumors, 89

Liposarcomas, 89

LMA. See Laryngeal mask airway (LMA)

Lobectomy, 4

Localized tracheomalacia, 398f

Long congenital stenosis repair

ventilation, 670f

Lower trachea

extended resection of, 595

Lower tracheal lesions

surgical approach to, 513–516

Low-grade bronchial malignancy

bronchial sleeve resection

long-term results of, 441

Low-grade malignant airway tumors

sleeve lobectomy for, 431

Low-pressure cuffs, 319–320

Low-volume, high-pressure cuffs

vs. large-volume, low-pressure 

tracheostomy tube cuffs, 323f

Lung cancer

advanced

stents for, 770

bronchial sleeve resection

long-term results of, 439, 440t

bronchial sleeve resection for, 430–431

Lung infection

following reconstruction

treatment of, 496

Lung transplantation, 827–838

airway anastomosis

anatomic complications, 835–837

results of, 834

steroids, 827–828

techniques of, 831–833

immunosuppressive regimen in, 827

omentum, 807
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Lye, 288–289

Lymphangioma, 221

Lymphoepithelial carcinoma (Schmincke

tumor), 216

Lymphomas, 411

computed tomography of, 153f

M

Madelung’s disease, 411–413

Maeda, Masazumi, 26f

Magnetic resonance imaging (MRI),

110–111

in children, 190

for thyroid carcinoma, 251

Malacia, 21

focal, 182

membranous wall tracheoplasty for

results of, 405t

secondary, 397

surgery for, 649

Malacic segments

extended resection

anterior tracheal reconstruction,

544–546

Malacic tracheal collapse, 318f

Malignant fibrous histiocytoma, 88, 226

Malignant fistula, 344–346, 349–350, 351

Malignant lesions

imaging of, 146–158

Malignant melanoma, 82–83, C5

Malignant peripheral nerve sheath tumor,

C7

Malignant schwannoma, C7

Malignant tracheoesophageal fistula

(TEF), 342, 577–579

esophageal bypass for, 578–579,

578f–579f

Maloney bougies, 380

Marlex strip, 646, 647f, 648, 648f, 655

Martin, George, 2

McHugh knife, 698

Mechanical injuries, 271–272

clinical characteristics of, 276

diagnosis of, 276–280

results of, 280–283

types of, 271–272, 272t

Mechanical ventilators, 21

Mechanical ventilatory support, 293

Mediastinal emphysema

in intrathoracic tracheal rupture,

276–277

Mediastinal fibrosis, 368f–369f

Mediastinal tracheostomy, 15–16

cervicomediastinal exenteration, 681–692

gastrointestinal tract reconstruction,

687f–688f

Mediastinal tumor

in children, 188

Mediastinoscopy, 163

for bronchogenic carcinoma, 263

Mediastinum

arteriovenous vascular malformation

in, 222, 224f

Melanocytic carcinoid tumors, 78

Melanomas, 78, 83–84, 216

Membranous wall fistula, 343f

Mersilene polyester, 334

Mersilene sutures, 487

Mesenchymal tumors, 86–95, 153, 228

Mesenchymomas

benign, 93–94

Metal bearing

in bronchus, 712f

Metal stents, 767–769

Metastatic carcinoma

of trachea, 78

to trachea, 83–84, 83t, C5

Metastatic renal cell carcinoma,

772f–773f, C11

Metastatic sarcoma, 771f

trachea compression, 771f

Methotrexate, 379, 380

Methylprednisolone

following sleeve lobectomy, 436

Methylprednisolone acetate, 492

Micro-trapdoor flap technique, 727

Middle lobe bronchoplasty, 625

diagram of, 626f

Midtracheal lesions

surgical approach to, 513

Miller blade, 473

Minimal leak volume technique (MLT), 738

Minimum occlusion volume (MOV), 738

Minitracheostomy, 296–297, 502f, 503

kit for, 503f

Mitomycin-C, 492, 725

Mixed papillary and follicular carcinoma

surgical specimen of, 253f

MLT, 738

Montgomery, William, 749

Montgomery conforming laryngeal stent,

698

Montgomery implant, 705

Montgomery molded silicone laryngeal

stent, 636f

Montgomery release technique, 540, 541f

Montgomery Silastic T tube, 298

Montgomery stomal stent, 744f

Montgomery thyroplasty implant, 705f

Montgomery tracheal cannula system, 743

Montgomery T tube, 17, 698, 765

Moore cuffless tube, 738

Moore tracheostomy tube, 737–738

Motorcycle cable injury, 282f

tracheal separation and esophageal

avulsion, 281f

Motor vehicle accidents, 271

blunt injury to neck, 274f

bronchial stenosis, 285f

pneumothorax, 286f

Mounier-Kuhn disease, 42f, 153, 155f, 182

MOV, 738

MRI, 110–111

in children, 190

for thyroid carcinoma, 251

Mucoepidermoid carcinoma, 81–82,

216–217, C4

computed tomography of, 150f

radiography of, 219f

Mucoepidermoid tumors, 147

Mucormycosis

bronchial stenosis

computed tomography of, 131f

Mucous gland adenoma, 80

Multiple squamous papillomatosis, 220

Muscle tumors, 88–89

Myasthenia gravis, 450

Mycobacterium tuberculosis, 129

Myocardial infarction, 449

N

Narcotics, 462

Nd:YAG laser, 720–721

coagulation

postoperative view following, C9

squamous cell carcinoma, 729

subglottic stenoses, 727

venous malformations, 727

Neck

anteroposterior films of, 106

blunt injury to, 280f

blunt injury to from motor vehicle

accidents, 274f

lateral films of, 106

Neck flange, 736

Necrotizing esophagitis

causing tracheoesophageal fistula

(TEF), 342

esophagorespiratory fistula from, 347

Necrotizing mucormycosis, 370

Needles

for polypropylene rings, 659f

Negative inspiratory intrapleural pressure

floppy airways, 71f

Neoplasms, 410–411

anterior tracheal reconstruction, 531–532

laryngotracheal reconstruction,

562–567



Neoplastic obstruction

urgent treatment of, 475–478

Nerve sheath tumors, 91–92

Neurilemoma, 92, C7

Neurilemomas (Schwannoma), 227

Neuroendocrine tumors, 77–78

Neurofibromas, 91–92, 227

plexiform, 228

Neurogenic tumors, 140, 227

Neurologic injuries, 449

Neuromuscular blockers, 455, 458

Neville stent, 765

Nocardiosis, 370

Nodular amyloidosis

symptoms of, 385–386

Noncardiogenic pulmonary edema

with bronchogenic carcinoma carinal

resection, 264–265

Non-Hodgkin’s lymphoma (NHL), 229, C8

Nonrevascularized grafts, 846–847

Nonsmall cell carcinoma

sleeve lobectomy vs. pneumonectomy,

439

Nonsmall cell lung cancer, C10

Nova stent, 767

Nuts

aspirated, 715

Nylon sutures, 487

O

Obesity, 449

Obstructing granulation tissue

from expandable stent, C15

Obstructive airway lesions

etiology of, 769t

Obstructive bridge bronchus

slide tracheoplasty, 673f

Obstructive tracheobronchial tumors

laser, 729

Obstructive tracheopathia osteoplastica

tracheoplasty for, 652f

Old people. See Elderly

Olympic tracheostomy button, 743

Olympic Trach-Talk, 745

Omental arteries

distribution of, 804f

Omentum, 689, 801–813

anatomy and mobilization of, 801–805,

805f

clinical experience, 810–813

reconstruction after irradiation, 808–813

transposition of, 806f

Oncolytic tumor, 140

One-stage laryngotracheal resection, 14

Operating room, 479–480

Opiates, 462

Orlowski stent, 767

Osteochondroma, 220

P

Pain

palliation of, 794

Palmaz stent, 766

complications of, 785

Papillary carcinoma of thyroid

computed tomography of, 154f

invading trachea, 251f, 252f

invasive, C5

Papillary carcinoma severely obstructive

computed tomography of, 256f

Papillary squamous cell carcinoma, C1

Papillary thyroid carcinoma

invasion of recurrent laryngeal nerves,

255f

massive recurrent, 257f

Papillomas, 137–138

ablation of, C9

carbon dioxide laser, 729, 730f

Papillomatosis, 73–74, 137–138

invasive tracheal, 74

Paraganglioma (chemodectoma), 94, 140,

228

Paraplegia, 449

Parathyroid cysts, 410

Paré, Ambroise, 4

Paroxysmal coughing

children

foreign bodies aspiration, 709

Passy-Muir tracheostomy speaking valve,

745, 746f

Patch tracheoplasty, 667f

anterior

congenital tracheal lesions, 665–668

vs. slide tracheoplasty, 202

Peak flow rate, 69

Peanut

bronchus, 716f

Pearson, F. Griffith, 15f

Pedicled intercostal muscle, 594

Pedicled omentum, 592

Pedicled pericardial fat pad, 592, 593f

Pedicle sternohyoid muscle

suturing, 639f

PEEP, 455

Penetrating trauma

anesthesia, 456–457

Penetrating wounds, 271

Penrose drain, 526, 600

Percutaneous tracheotomes, 294

Perelman, Mikhail I., 12f

Pericardial fat pad, 600–601

Pericardial patch tracheoplasty, 198

Persistent stoma

closure of, 504–506

tracheostomy for, 299

Persistent tracheostomy

closure of, 504f–505f

Phonation, 693

Phrenic nerve, 592

Phycon

carinal resection and reconstruction, 463

Plasma cell granuloma, 98–99, 226

Plasmacytomas, 229

Pleomorphic adenoma (mixed tumor),

79–80, 140, 218, C3, C13

bronchoscopy of, 219f

Plethysmography

preoperative and postoperative, 422t

Plexiform neurofibromas, 228, 228f

PMV 2000 frame, 745

Pneumonectomy, 620

carinal, 12–13, 609f

for bronchogenic carcinoma, 266

carinal resection, 608–610

for recurrent tumor or stenosis after,

612

in children, 190

heart and aortic arch displacement, 416f

Lyman Brewer’s method of main

bronchial stump closure after,

819f

Pneumonia, 325

following reconstruction

treatment of, 496

postoperative

after carinal resection and recon-

struction, 489

Pneumonitis, 231, 325, 616f

Pneumothorax, 277

avoidance of, 500

motor vehicle accidents, 286f

during tracheostomy, 295

Polydioxanone monofilament sutures

(PDS), 196, 334, 487

Polypropylene rings, 649, 649f, 650f, 651

needles for, 659f

Polyvinyl chloride tubes, 732

Porous prosthesis

tracheal replacement, 842–843

Portex plastic cuff, 324f

Portex’s Trach-Talk tracheostomy tube, 740

Positive end-expiratory pressure (PEEP),

455

Positive pressure ventilation, 457

Postcricoidal esophageal carcinoma

cervical exenteration, 682

Postcricoid squamous cell carcinoma

of esophagus, 267
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Posterior glottic stenosis, 697, 699f

Posterior midline tumors

laryngotracheal reconstruction, 563

Posterior mucosal flaps

laryngotracheal anastomosis with, 563t

Posterior tracheal band (PTB), 106

Posterolateral thoracotomy, 513, 514

Postinflammatory tumor, 226

Postintubation fistula, 341, 347, 571

Postintubation injuries, 271, 397

prevention of, 23

Postintubation laryngotracheal stenosis

with tracheoesophageal fistula (TEF), 345f

Postintubation lesions, 21–22

clinical characteristics of, 325–326

diagnosis of, 327

prevention of, 320–325

reconstruction

patient selection for, 330–333

urgent management of, 327–330

Postintubation stenoses, 22, 66, 118–124,

301–338, 471, C14, C15

and anastomosis level, 335

characteristics of, 301–320

children, 187–190

definitive treatment of, 333

etiology of, 22

lesions of, 302f

management of, 331f

and prior reconstruction, 335

and prior resection, 335

prior to dilation, 475f

roentgenogram of, 328f–329f

surgery of, 333–337

complications of, 337t

results of, 335t

Postintubation strictures, 21

Postintubation tracheoesophageal fistula

(TEF), C15

bronchoscopic view of, 347f

in children, 188

operative repair of, 349f

results of, 350t

origin and anatomy of, 342f

radiography of, 158f

roentgenogram of, 344f

Postirradiation stenosis, 808–810

Postoperative acute respiratory distress

syndrome (ARDS), 489

Postoperative care

continuing, 480–481

follow-up care, 481–482

Postoperative fistula, 358

management of, 585–586

Postoperative hyperextension

prevention of, 539

Postoperative lung function

prediction of, 439

Postoperative management, 479–482

in intensive care, 480–481

operating room, 479–480

Postoperative pneumonia

after carinal resection and reconstruction,

489

Postoperative radiation therapy, 797–799

resected tracheal cancer, 792–793

Postoperative reintubation, 336

Postoperative tracheal anastomotic 

complications

tracheostomy for, 293

Postpneumonectomy bronchopleural 

fistula, 815–825

diagnosis of, 819–821

incidence of, 815

management of, 821–825

anterior transsternal approach, 824t

early, 821–822

endobronchial, 822–823, 823t

lateral approach, 824–825, 825t

minimally invasive, 823

space management, 825–826

prevention of, 816–817

risk factors, 815–816, 816t, 817t

Postpneumonectomy pulmonary edema,

489, 490f

with bronchogenic carcinoma carinal

resection, 264–265

following reconstruction

prevention of, 496

Postpneumonectomy syndrome, 28,

113–116, 190, 414–424, C16

bronchoscopy of, 419f, 420f

computed tomography of, 417f, 418f, 419f

mediastinal repositioning for, 422t

pulmonary changes, 423f

radiography of, 115f

roentgenogram of, 417f, 418f

surgery for, 654–655

Postsurgical fistulae, 347

Post-tracheostomy fistula, 357–358

diagnosis and management of, 360–361

repair of, 581–585

Posttraumatic fistulae, 347

Posttraumatic midtracheal stenosis, C14

Posttraumatic tracheal stenosis

computed tomography of, 120f

Prednisone, 332, 620

Preoperative assessment, 446–447

Preoperative considerations, 445–451

systemic, 448–450

Preoperative interview, 450

Pretracheal plane, 51

Price Thomas, Clement, 429

Primary tracheal neoplasms, 207–245,

209t, 235t

characteristics of, 208–209

clinical presentation of, 230–232, 231t

diagnosis of, 232–235

imaging of, 232

incidence of, 212t

oncologic results, 239–243

operative results, 238–239

radiotherapy of, 243–244

reconstruction

complications of, 485

surgery of, 235–245

complications of, 238–239

results of, 240t

treatment of, 235–245

Primary tracheal tumors

treatment of, 19

Prolene polypropylene sutures, 334, 817

Prolene sutures, 487, 628

Prolonged endotracheal intubation

complications of, 302–303

Prominent innominate artery, 187

Propofol, 458, 460

Pseudomonas aeruginosa, 296, 320, 447, 489

Pseudotumor, 226, 227

PTB, 106

Pulmonary arterial resection

bronchial sleeve resection

long-term results of, 441

Pulmonary artery, 47

hemorrhaging from, 488, 494

massive dilation of, 414

resection of, 435f

Pulmonary artery sling, 179, 181f, 191

imaging of, 113

Pulmonary complications

following reconstruction, 489

Pulmonary function testing

stents, 775

Pulmonary infection, 449

Pulmonary ligament

division of, 595

Pulmonary primordium

embryology of, 173

Pulsed dye laser, 722

Q

Quadriplegia, 539

following resection, 490–491

Question Chirurgicale, 2, 3f

R

Radiation therapy

postoperative, 797–799



resected tracheal cancer, 792–793

tracheal cancer, 791–801

Radiography, 106–107

of benign fistula, 343

of cervical injury, 276

for thyroid carcinoma, 251

of tracheal lesions, 446

Reanastomosis, 5–6

Recent tracheostomy

delaying resection, 447

Recipient airway blood supply

optimizing, 833t

Recurrent laryngeal carcinoma, 17

Recurrent laryngeal nerves, 46, 611f, 633f

following reconstruction, 495

injury of, 272, 274, 280f, 526, 695

papillary thyroid carcinoma invasion of,

255f

Recurrent respiratory papillomatosis

in children, 188

Recurrent tumors

carinal resection for, 613f

Referrals, 451

Reintubation

postoperative, 336

Relapsing polychondritis, 133–134,

377–380, 398

computed tomography of, 136f

tomography of, 379f

Remifentanil, 458, 460

Reoperative tracheal resection, 22

Repeat tracheostomy, 502

Resected tracheal cancer

postoperative radiation therapy, 792–793

Residual tumors

carinal resection for, 613f

Respiration, 693

Respirator support

following tracheal reconstruction, 449

Respiratory papillomatosis

laser, 728

recurrent

in children, 188

Restenosis

after reconstruction, 493

Reynolds number

defined, 454

Rhabdomyosarcoma, 89, 140, 230

Rheumatoid nodule, 101

Rhinoscleroma, 130–131, 188, 371

RICBA. See Right intercostobronchial

artery (RICBA)

Richardson retractor, 525f

Right-angled tracheostomy tube, 677

Right aortic arch, 186, 186f

Right atrium

enlarged, 414

Right descending aorta, 186, 186f

Right inferior laryngeal nerve, 46

Right intercostobronchial artery

(RICBA), 828, 833

anatomic location of, 829f

distribution of, 829f

Right lower lobe bronchoplasty, 625

Right paratracheal stripe (RPS), 106

Right pneumonectomy

chest radiography after, 820f

computed tomography, 821f

Gordon Jack’s method of closure, 818f

Right upper lobe bronchoplasty, 624–628,

625

diagram of, 626f

Right upper lobectomy, 608f

carinal resection with, 607–608

Right upper lobe sleeve resection, See Right

upper lobe bronchoplasty

Rigid bronchoscope

children, 292f

Rigid bronchoscopy, 165–171, 455

anesthesia, 458–459

anterior tracheal reconstruction, 517–519

contraindications for, 171

equipment for, 165f

vs. flexible bronchoscopy, 729

for foreign body aspiration, 711

laryngotracheoesophageal cleft repair, 675

resection and reconstruction, 459

stenting, 777

Rigid T tube, 750f

Rigveda, 4

Ring sling complex, 179

Rosen knife, 698

Rough artery, 2

Roux-Y loop, 577

RPS, 106

Rusch cuff, 321, 322f

Rusch tube, 588

S

Saber-sheath trachea, 42f, 124, 387,

388f–389f

mistaken for stenosis, 168

radiography of, 127f

Saline-filled breast prosthesis

mediastinal repositioning, 421f

Salivary gland-type tumors, 79–83

Sanders apparatus, 472

Sarcoid, 380

Sarcoidosis, 130, 381f

diffuse tracheobronchial stenosis in

computed tomography of, 132f

Sarcomas, 230

radiotherapy of, 243–244

Sanders-type bronchoscopic injection, 13

SCC. See Squamous cell carcinoma (SCC)

Schmincke tumor, 216

Schwannoma, 227

Schwannoma (neurilemoma), 92, C7

Scleroma (rhinoscleroma), 130–131, 371

Sclerosing agent

for postpneumonectomy bron-

chopleural fistula, 822

Seals, 324

Secondary malacia, 397

Secondary malignant tumors, 153

Secondary tracheal neoplasms, 20–21,

249–267

Secretions

difficulty clearing, 325

management of, 293

Segmental bronchoplasty, 627

Segmental tracheomalacia

acquired, 397

Sepsis

with tracheostomy, 295–296

Severino, Marco Aurelio, 2

Shave techniques

for thyroid carcinoma, 252–254, 261

Shiley phonate speaking valve, 745

Silastic stents, 836, 836f

Silicone implant, 705

Silicone stents, 203, 331, 743, 778

vs. expandable stents, 778t

placement of, 781

Silicone T tubes, 751f, 759f, 765

modifications of, 758–759

vs. tracheostomy

in children, 195

Silicone Y stent, 765

Silicosis

acquired bronchoesophageal fistula

from, 355f

Single cannulas, 739

Sleeve lobectomy, 4, 429–441, 628. See

also Bronchial sleeve resection

defined, 430

Slide tracheobronchoplasty, 674f

Slide tracheoplasty, 27, 199, 199f, 668f–669f

application of, 201f

bronchoscopy of, 200f

flow volume loop in, 202f

obstructive bridge bronchus, 673f

vs. patch tracheoplasty, 202

pulmonary function before and after,

202t

radiography of, 200f

Small cell carcinoma, 78–79, 151, 216, C2

radiotherapy of, 243–244

resection of, 236
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Smokers, 76

Soft tissue tumors, 86

Solid prosthesis

tracheal replacement, 841–842

Solitary papillomas, 74

Speaking valves, 744–746

Specialized tracheal appliances, 739–746

Spiral CT

in children, 190

Splinted cutaneous tracheal reconstruction

surgical embryology of, 662f

Spontaneous ventilation, 455

for tracheoesophageal fistula (TEF), 456

Squamous cell carcinoma (SCC), 19,

74–75, 147, 791, C1, C12

absolute survival from, 241t

bronchoscopy, 210f

characteristics of, 208–209

computed tomography of, 211f

follow-up care, 482

gross presentation of, 210f

high-dose radiation therapy, 793

invasive, C1

of larynx

recurrence of, 267

mortality rates of, 240t

Nd:YAG laser, 729

papillary, C1

postoperative radiation therapy,

792–793

radiation therapy

altered fractionation schedules,

800–801

radiography of, 147f

resection of, 239t, 240t

survival after, 242t, 243f

stents for, 770

symptoms of, 232t

of thyroid, 256f

unresectable, 792f

Squamous epithelial tumors

pathology of, 73–74

Squamous papilloma, 73–74, 220, C1

of larynx, 141f

Stabbings, 271

Staphylococcus aureus, 296, 320, 447, 489

Stenosis

cervicomediastinal exposure of, 525f

dilation, 474

dissection of, 527f

failure to recognize, 486

flexible bronchoscope, 529f

following burns, 287

following prior left pneumonectomy

carinal resection for, 613f

of larynx, 308f

laser, 474

saber-sheath trachea mistaken for, 168

Stent, Charles, 765

Stents, 17–19, 18–19, 702, 743–744,

763–790, C10. See also

individual stents

anatomic criteria for, 770t

anesthesia, 466–468, 779–780

bronchoscopic evaluation, 775–778

characteristics of, 764t

clinical presentation, 775

complications of, 784–788

historical perspective of, 765–767

indications for, 769–774

placement of, 779–783

management of, 783–784

preparation for, 780–783

selection of, 778–779

types of, 767–769

University of Washington, 787–788

Sternohyoid muscle

division of, 573

Sternohyoid muscle pedicle, 653

Sternothyroid muscle

division of, 573

Steroids

following sleeve lobectomy, 436

lung transplant airway anastomosis,

827–828

Stoma

device measuring depth of, 745f

Stomal level

lesions at, 307–309

Stomal stenosis, 24, C14

avoidance of, 500

evolution of, 311f

prevention of, 320

surgical specimen of, 310f

Stomal stent, 743f

Storz bronchoscope, 165, 166f, 192, 724f,

731, 781

Storz Hopkins telescope, 165f, 263

Straight back syndrome, 424–427

computed tomography of, 426f, 427f

roentgenogram of, 425f

surgery for, 655, 656f

Strecker stent

complications of, 785

Streptococcus, 296, 489

Strictures

benign

bronchial sleeve resection

long-term results of, 441

bronchial sleeve resection for, 432–434

following sleeve lobectomy, 435

Stridor, 231, 325

Stryker saw, 698

Subclavian artery, 51

Subglottic granuloma

radiography of, 121f

Subglottic hemangioma

laser, 727

Subglottic laryngotracheal stenosis, 309

repair of

in children, 197

Subglottic larynx, 22, 44f

laser, 722

Subglottic postintubation laryngotracheal

stenosis

origin of, 305f

Subglottic postintubation stenoses

roentgenogram of, 306f–307f

Subglottic stenosis, 14, 294, 701–702

anterior

resection and reconstruction,

553–557, 554f–555f

computed tomography of, 121f

lasers, 725–726

radiography of, 122f

Sufentanil citrate, 460

Superior laryngeal nerve, 46

Superior vena cava, 47

Superior vena cava syndrome, 454

Supraclavicular incision, 512f

Supraglottic tears and fractures, 273f

Suprahyoid release, 540–541, 542f–543f

Surgeon

and tracheal reconstruction, 450–451

Surgical approaches, 507–516

Sweet’s technique, 531

Symmetric lipomatosis colli, 411–413

fat distribution in, 413f

Synovial sarcoma, 93

Syphilis, 188

T

Tabulae Anatomicae, 2

Talking tracheostomy tubes, 740–741, 740f

Technique

failure of, 487–488

complications from, 492–495

TEF. See Tracheoesophageal fistula (TEF)

Teflon injection, 705

TES, 106

Tevdek polyester, 334

Tevdek sutures, 487, 558, 559, 646

T extension

from median sternotomy, 513

Thermovent T, 746

Thoracentesis, 820

Thoracic aorta

aneurysm, 414, 415f



Thoracic bronchi, 639–641

injuries of, 272–274

Thoracic trachea, 639–641

injuries of, 272–274

laceration of, 276

Thoracic trachea and bronchi injuries

results of, 283

Thoracotomy

bilateral, 11, 513

incision, 515f

foreign body aspiration, 712–713

for transthoracic tracheal resection, 589f

Thumbtack

in bronchus, 710f

Thymic cyst, 409–410

in children, 189f

Thymomas, 411
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anatomy of, 693

Thyrohyoid release, 540

Thyroid

differentiated squamous carcinoma of,

256f

Thyroid bag, 537, 559

Thyroid carcinoma, 249–261

diagnosis of, 250–251

invading airway

treatment of, 259f

length of airway resected, 260f
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computed tomography of, 256f

papillary

computed tomography, 154

invasion of recurrent laryngeal

nerves, 255f

massive recurrent, 257f

recommendations, 261

resection of, 257–258

age and gender of, 260f

modes of, 258f

patient performance, 261f

surgery of, 252–260

results of, 258–260

tracheal invasion by

radiologic delineation of, 254f

tumor behavior, 250

Thyroid cartilage

anatomy of, 693

embryology of, 173

Thyroid isthmus, 46, 538

Tidal volume

superimposed on FVL, 69

TIF, 21, 22

Timothy grass, 716

TLC, 64

Tooth

aspirated, 715f

Total lung capacity (TLC), 64

Total pulmonary agenesis, 175f

Tovell flexible armored tube, 518f

Trachea. See also Cervical trachea

anatomic mobilization of, 6–8

anatomic relationships of, 43–51

anatomy of, 39–58, 41f, 61
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imaging of, 113
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blood supply of, 51–52, 54f–55f
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compression of, 771f

cross-sectional configuration of, 40–43,

42f

at anastomotic site, 196f

cutaneous tube reconstruction of,

658–663

devascularization of, 526

development of, 174f

dimensions of, 43t

division of, 527f

elective reconstruction of, 332

embryology of, 173–174

extended resection of, 605–606

fluoroscopy of, 108

growth after anastomosis, 195f

intrinsic lesions deforming, 387–393

irradiated, 25

irradiation

histological damage due to, 811f
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lumen of, 40

lymphatics of, 58
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microscopic blood supply, 57f

mucosa of, 43

normal anatomy of, 103–106

obstructive lesions of, 307–319

perforation of, 732

physiology of, 61–71

radical removal of, 255
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computed tomography of, 136f

relationships of, 47f–49f

resection and reconstruction of

in children, 196–197

shape of, 40

structure of, 39–40

transplantation of, 203

wall of, 43

Tracheal agenesis, 174–175, 175f

Tracheal anastomosis

anterior tracheal reconstruction,

534–538, 534f–535f, 538f

Tracheal appliances, 735–747

composition of, 736

Tracheal-arterial fistula

prevention of, 361

Tracheal atresia, 174–175

Tracheal blood supply, 8

Tracheal bronchus

congenital abnormalities of, 111–112

Tracheal cancer

high-dose radiation therapy, 793–794

radiation therapy, 791–801

altered fractionation schedules, 800–801

concurrent chemotherapy, 796–797

conventional two-dimensional,

795–796

endotracheal brachytherapy, 801

indications for, 792–796

optimal dose and fractionation

schedule, 795

results, 797–800

target volume, 794–795

three-dimensional conformal, 796,

797f, 798f, 799f, 801

radiotherapeutic factors and 

techniques, 794–796

staging workup, 791–792

Tracheal cuff injury

fistula from

surgical management of, 585f

Tracheal cyst, 409f

computed tomography of, 145f

Tracheal dehiscence

omentum, 808

Tracheal dilation, 472–475

emergency, 328–329

general anesthesia, 472

instruments for, 473f

postintubation tracheal stenoses prior

to, 475f

Tracheal disease

treatment of, 19–25

Tracheal diverticulum, 412f
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fistula repair, 184f
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Tracheal fire, 731–732

Tracheal fistula

to brachiocephalic artery, 357–361

Tracheal granuloma

radiography of, 121f

Tracheal injuries

anesthesia, 457

chronic

repair of, 641–643

Tracheal innominate artery fistulae (TIF),

21, 22
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lesions following

incidence of, 319–320

Tracheal laceration
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iatrogenic, 638–639

Tracheal length recapture

extended resection

anterior tracheal reconstruction,

541–542, 544f, 545f
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preoperative assessment of, 446–447

Tracheal malacia, 316, 398
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following reconstruction, 487–488

Tracheal obstruction

urgent treatment of, 471–478
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radiography of, 142f

Tracheal pathology

quantitative recording of, 170f

Tracheal reconstruction. See also Anterior

tracheal reconstruction

anesthesia, 461

complications of, 483–497, 484t

treatment and prevention of, 491–497
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functional results of, 375f
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553–557
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after, 810

prior, 335

respirator support following, 449

and surgeon, 450–451
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approaches to, 840–841

autogenous tissues, 844–846

cutaneous, 660f

foreign materials, 841–843

nonviable tissue implantation, 843–844

requirements for, 840

tissue engineering, 846

Tracheal resection

anesthesia, 459–460

anterior tracheal reconstruction,

526–531, 533–539

tracheal approximation testing, 533f

congenital tracheal lesions, 665

contraindications to, 236

delay of, 447–448

inflammatory subglottic stenosis
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553–557

length of

and anastomosis, 446–447

reoperation after failure of, 448

survival after, 242t

of tracheoesophageal fistula (TEF), 572f

ventilation for, 461f

Tracheal seal

diagram of, 321f

Tracheal separation, 634–638

with laryngeal damage, 634

motorcycle cable injury, 281f

Tracheal stenosis, 123–124, 174, 309

at cuff level, 309
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computed tomography of, 134f

emergency resection of, 445–446
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chest radiography of, 132f
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radiography of, 122f
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337–338

surgery of, 336t

deaths following, 337

prior treatment effect on, 336t

Tracheal surgery

anesthesia for, 13–14

complications of, 17

historical review of, 1–28

laryngologic problems related to,

693–706

techniques of, 1–19

urgency of, 445–446

Tracheal tear

radiography of, 117f

Tracheal transplantation, 846–850

direct revascularization, 849–850

Tracheal trauma

imaging of, 116–117

management of, 25

Tracheal T tubes, 749–762

Tracheal tumors

pathology of, 73–84

Tracheal wall flap
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Trachea-to-trachea anastomosis, 334
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Tracheobrachiocephalic artery fistula

from erosion, 359f–360f

etiology of, 582f

repair of, 581–586

Tracheobronchial amyloidosis

computed tomography of, 138f

Tracheobronchial angles, 41f

Tracheobronchial injuries
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Tracheobronchial lacerations, 271

after intubation, 274–275

Tracheobronchial lesions

laser therapy, 719–733

Tracheobronchial malacia, C16

Tracheobronchial rupture, 116

Tracheobronchial trauma

repair of, 631–643

Tracheobronchial tuberculosis
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computed tomography of, 127f

Tracheobronchitis, 715

Tracheobronchoesophageal fistulae

acquired, 155–156, 343–351

Tracheobronchomalacia, 154–155

bronchoscopy of, 400f

computed tomography of, 156f

Tracheobronchomegaly, 153–154, 182,

391–393

computed tomography of, 393f

Tracheobronchopathia osteochondro-

plastica, 101

Tracheocele, 141, 411

Tracheoesophageal fistula (TEF), 22, 174,

175, 193, 320, 334, 335

acquired, 341–351

anesthesia, 456

benign, 569–574

closure without tracheal resection,

574–575, 574f

closure with tracheal resection,

569–574

intrathoracic, 575–577

causes of, 342
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tracheal lesion, 576f

following reconstruction, 488

management of, 494

giant postintubation, C15

H-type congenital, 175

computed tomography of, 176f

malignant, 342, 577–579

esophageal bypass for, 578–579,

578f–579f

postintubation laryngotracheal stenosis

with, 345f

resection of, 572f

upper

from foreign bodies, 346f

Tracheoesophageal stripe (TES), 106

Tracheo-innominate arterial fistula, 320

Tracheomalacia, 28, 123, 397–401

bronchoscopy of, 404f

computed tomography of, 403f
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fluoroscopy of, 109f, 402f

focal, 397

prior to resection, 491

surgery for, 645–649

Tracheopathia osteochondroplastica,

135, 168

computed tomography of, 137f

Tracheopathia osteoplastica, 19, 27, 42f, 101,

388–391, 390f–391f, C8, C16

bronchoscopy of, 392f

laser, 728

obstructive

tracheoplasty for, 652f

surgery for, 651–654

Tracheoplasty

for obstructive tracheopathia osteo-

plastica, 652f

Tracheostomy, 3f, 291–299, 330, 499–503

anterior tracheal reconstruction, 539

in children, 188, 297–299

cicatricial stenosis, 475

completion of, 690f

complications of, 294–296

delaying resection, 447

emergency

cricothyrotomy as, 698

indication for, 279

errors in location of, 295f

historical review of, 1–2

indications for, 291–292, 466–467

for inhalation burns, 287

for persistent stoma, 299

repeat, 502

vs. silicone T tube

in children, 195

technique for, 294, 501f

Tracheostomy stents

anesthesia, 466–468

Tracheostomy tube cuff

erosion from, 358, 583–585

surgical management of, 584f

Tracheostomy tubes, 500

avoidance of leverage on, 320

children, 298f

components of, 735

correct placement of, 331f

erosion by, 357–358, 581–583

fenestrated, 741–743

length of, 736–737, 737t

management of, 302

size of, 736, 737t

Tracheotomy, 2

Trachiectasis, 317

Tracoe comfort tracheostomy tube,

737–738

Traction sutures, 527f, 528f

carinal reconstruction, 605

Transglottic injuries, 273f

Transluminal pressure, 61

Transmediastinal approach

to trachea, 514f

Transmediastinal resection, 594–595

Transplantation

of trachea, 203

Transthoracic approach
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Transthoracic tracheal resection, 587–594
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intubation for, 587–588
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repair of, 631–641
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Traumatic tracheal separation, C14
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anesthesia, 468
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management of, 759–760
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placement of, 751–755, 753f
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Tuberculosis, 125–128, 188, 363–365, 432,

816, C16

with lymphadenitis
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radiography of, 130f
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procedures, 488

following reconstruction

management of, 494–495

prior to resection, 491
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