A

cquired tracheal stenosis is encountered most commonly as
an iatrogenic complication following endotracheal intubation
or tracheostomy and occasionally as a result of direct trauma, inhalational injury, inflammatory disease, or malignancy. Increasing
survival rates in intensive care units may increase the incidence
of this complication, while the use of high-volume, low pressure
cuffed endotracheal tubes still cause tracheal stenosis at the cuff
site in 11% of patients [1]. According to Nouraei et al. [2], severe
post-intubation and post-tracheostomy stenosis have an estimated
incidence of 4.9 cases per million per year in the general population. Stenotic lesions in the trachea are classified according to
location in the trachea, degree of obstruction, length of the stenotic
segment, and associated pathology such as tracheomalacia [3].

While definitive therapy remains open surgical reconstruction of the trachea, simple stenotic lesions are increasingly being
treated endoscopically. Techniques for endoscopic treatment of
tracheal stenosis include laser or argon plasma resection/coagulation, balloon or bougie dilation, and intratracheal stenting. The
rigid bronchoscope enables the utilization of all the endoscopic
techniques but requires general anaesthesia and full operating
theater capabilities. Fiberoptic bronchoscopic treatment is an
alternative in selected cases. A common occurrence in patients
treated endoscopically is the recurrence of granulation tissue or
scar formation, requiring multiple procedures, often at relatively short intervals [4]. Furthermore, granulation and scar tissue
formation at the anastomosis site following definitive surgery is
not uncommon, and often necessitates postoperative endoscopic
treatment. Thus it would be desirable to have a treatment, which
could delay or completely prevent the formation of granulation
tissue or cicatrix. Topical mitomycin C (MyC) has been used
as an adjunct in operative procedure in gastrointestinal, urinary,
ophthalmology, and otolaryngology procedures [5,6]. Topical
applications of 0.4 mg/ml of MyC have been used during laryngoscopy and rigid bronchoscopy. It has been used with success
as an adjunctive treatment for endobronchial sarcoidosis [7] and
granulation tissue related stenosis in post-lung transplants [8].
MyC is a naturally occurring antibiotic produced by Streptomyces caespitosus, which is also an alkylating agent with antineoplastic properties. It has been shown to cross-link DNA and
inhibits protein synthesis as well as fibroblast proliferation [9].
At lower doses of less than 1 mg/ml, MyC has antifibroblast
properties [10,11]. Although prospective randomized controlled
trial data are lacking, topical MyC application has become
standard procedure in some types of surgery based on animal
model studies, case reports, and experience from small series
[12-14]. The reported success of topical application has been
attributed to its inhibitory effect on fibroblast proliferation while
allowing for epithelial regrowth. Published experience with the
use of MyC as an adjunctive treatment of tracheal stenosis has
been limited; however, initial results have been encouraging.
Thus postoperative management of tracheal stenosis may benefit from the use of MyC, whether managed endoscopically or
following open reconstruction. It may be applied topically by
a gauze swab during surgery or through an endoscope using a

saturated pledget. In our experience, we have not found these
methods to be applicable to the flexible bronchoscope due to its
small working channel and the difficulty encountered in keeping
the saturated pledget approximated for 2 minutes on the lesion.
Because we have accumulated experience in managing
selected tracheal lesions using the flexible bronchoscope we
sought a practical method for treating the lesion with MyC via
a flexible bronchoscope. Submucosal intralesional injection
via the Wang™ transbronchial needle catheter (TBNA) needle
(ConMed, USA) seems to be a plausible option, although we
found only a few reports using submucosal injection of MyC in
the esophagous [15,16].
We present a retrospective review of our experience from
10 cases of tracheal stenosis treated endoscopically with MyC
at our institute between 2005 and 2019. All of the patients were
followed for 1 year or more without discernable re-stenosis or
side effects of the treatment.

The treatment was administered as a compassionate use protocol after approval by the institutional review board.
Following Nd-YAG laser photodissection or argon plasma
coagulation (APC) of the stenosis, a dilation procedure (mechanical or balloon) was performed. Once the strictures were

reopened, 0.5 ml (total volume) of MyC at a concentration of
0.1 mg/ml was injected submucosally into four approximate
quadrants of the area of the stenosed area. We use a Wang TBNC (21 G cytology needle, Olympus NA-1C-1, Olympus Ltd.,
Tokyo, Japan) to perform the submucosal injections.
The relevant medical history, type and location of the tracheal lesion, and number of endoscopic procedures with and
without use of MyC were documented. The small size of the
treatment group precluded a meaningful statistical analysis.

See Table 1 and Table 2 for details on case descriptions and interventional bronchoscopic procedures. Figure 1 shows
Of special mention is the case of patient 1, who underwent
resection of four tracheal rings with anastomosis of the cricoid
to ring 5 and developed severe restenosis with no further surgical option and required 17 bronchoscopic laser and dilatational
procedures over a course of 5 months. At that point (December
2005) we initiated treatment with MyC post to bronchoscopic laser and dilatational procedures and observed a significant
lengthening of the intervals between treatments, from approximately biweekly to bimonthly, until his last treatment in October 2008 after which he had been followed at our clinic for 5
years without restenosis.

We have described our experience in the treatment of 10 patients with tracheal stenosis with MyC as an adjunct to flexible bronchoscopic APC or Nd-YAG laser, and mechanical or
balloon dilatation. No injection-related adverse events were
encountered. One patient died from unrelated co-morbid conditions, which had precluded definitive surgery in his case. Of
the remaining nine patients, none have required surgery during
follow-up at our clinic.
The data presented suggests that injection of MyC post-laser-dilation treatment, may delay or ameliorate restenosis in the
trachea and is feasible using a standard transbronchial needle catheter via flexible bronchoscopy. In the cases presented, the whole

procedure was conducted using the flexible bronchoscope in the
bronchoscopy suite under moderate sedation permitting discharge
of the patient on the same day. Although rigid bronchoscopic procedures under general anesthesia allow for greater exposure and
more extensive tracheoplasty per session compared with flexible
bronchoscopy, the necessity for operating theater facilities makes
the former less attractive in selected cases. We routinely perform
flexible bronchoscopies on patients who have undergone tracheoplasty and in some cases we performed a repeat procedure when
needed as an extension of the same follow-up bronchoscopy.

Based on our pilot experience, the efficacy of MyC injection
should be studied prospectively.

Severe acute respiratory syndrome coronavirus-2 (SARSCoV-2) is closely related to the deadly coronaviruses
SARS-CoV-1 and Middle East respiratory syndrome
coronavirus (MERS-CoV). Considerable efforts are
focused on developing treatments, and therapies that
work across coronaviruses would be particularly valuable.
Shedding light on the host factors hijacked by the viruses,
Gordon and colleagues mapped the interactions between
viral and human proteins for SARS-CoV-2, SARS-CoV-1,

and MERS-CoV; analyzed the localization of viral proteins
in human cells; and used genetic screening to identify host
factors that either enhance or inhibit viral infection. For a
subset of the interactions essential for the virus life cycle,
the authors determined the cryo–electron microscopy
structures and mined patient data to understand how
targeting host factors may be relevant to clinical outcomes.

Members of the Nod-like receptor (NLR) family act as
intracellular sensors of infection. Once they recognize
pathogen-associated molecular patterns, they assemble
into signaling complexes called inflammasomes, which
induce proinflammatory cytokines and pyroptotic cell
death. Although rodent NLR family pyrin domain containing
1 (NLRP1) can recognize bacterial toxins and protozoan
pathogens, the ligands for human NLRP1 have remained
elusive. Robinson et al. found that human NLRP1
senses, and is activated by, enteroviruses. During human

rhinovirus (HRV) infection, the HRV 3C protease cleaves
an autoinhibitory N-terminal fragment from NLRP1,
which is subsequently degraded. The NLRP1 C-terminal
fragment that is released then initiates inflammasome
formation. This work offers insights into immune sensing
of respiratory viral infections and provides an example of
the N-terminal glycine degron pathway in human innate
immunity.

