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induce chondrocyte diff erentiation. The construct was 
anasto mosed superiorly and inferiorly using horizontal 
mattress interrupted sutures (4-0 PDS II, fi gure 1E). Before 
completing the anastomoses, a new trans-nasal endo-
tracheal tube was placed under direct vision. Two small air 
leaks were sealed and the child was weaned from 
cardiopulmonary bypass. The omentum was mobilised 
and interposed between the trachea and heart to reduce 
the possibility of future fi stulae and increase graft 
vascularity (fi gure 1F). On alternate days after surgery, 
hrEPO (10 000 IU for 2 weeks) and G-CSF (10 mg/kg for 
1 week) were administered.

Role of the funding source
The sponsors of the study had no role in the study design, 
data collection, data analysis, data interpretation, or 
writing of the report. The corresponding author had full 
access to all the data in the study and had fi nal 
responsibility for the decision to submit for publication.

Results
Within 3 h of the surgery, ventilation became problematic 
and bilateral air trapping occurred. Fibreoptic 
bronchoscopy showed substantial narrowing of the origin 
of both bronchi due to the longitudinal rigidity of the 
absorbable stent. A temporary stent (Niti-S, Taewoong, 
Seoul, South Korea) was implanted in each bronchus 
under fl uoroscopy, which resulted in an immediate 
improvement in ventilation. These stents were removed 
before extubation on day 26 after surgery. There was an 
initial increase in the number of circulating leucocytes 
(31·1×10⁹/L [SD 6·6×10⁹/L]) between days 2 and 8 after 
surgery, which corresponded to the period of application 
of G-CSF and hrEPO. This period was also the only time 
when circulating CD34+ cells (0·71×10⁹/L [SD 0·05×10⁹/L]) 
could be detected. Leucocyte counts normalised from 
day 9 (9·14 ×10⁹/L [SD 1·18×10⁹/L]; appendix).

There was bleeding on contact from the internal lumen 
of the graft by 1 week after surgery, which proved that 
angiogenesis was occurring. The patient needed regular 
bronchoscopy for removal of dense secretions for 8 weeks 
(fi gure 2A). Assessment of the secretions showed that they 
included no cells, had a high DNA content, and had a net-
like microscopic appearance. The features were identifi ed 
as those of DNA neutrophil extracellular traps (NETs).14,15 
SDS gel frac tionation, tryptic digestion, and nano-liquid 
chroma tography mass spectrometry identifi ed a protein 
profi le consistent with this diagnosis (fi gure 3).14 The 
secretions were treated with a combination of DNase and 
physiotherapy, and cleared as epithelialisation pro gressed. 
The patient was discharged on day 63.

6 weeks after surgery the stent had dissolved and there 
was mild collapse of the proximal graft. A shorter 
(10×45 mm) PDO stent was implanted under fl uoroscopy. 
The patient underwent bronchoscopy or balloon dilatation 
under fl uoroscopy, or both, regularly for 6 months (fi gure 
2B). The major reason for further bronchoscopy or balloon 

dilation was mucus retention and crusting within the 
native bronchi in which there were still embedded metal 
stents. At 5 months, after dissolution of the latest stent, we 
remained concerned about the rigidity of the proximal 
graft, and so overlapping, self-expanding Nitinol stents 
(S.M.A.R.T. Control, Cordis, Waterloo, Belgium) were 
implanted into the trachea. At 6 months after the initial 
surgery the graft seemed stable, the patient’s airway was 
patent, and he returned to school.

The patient’s last endoscopy (15 months after surgery) 
showed complete epithelialisation (fi gure 2C), and 
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Figure 1: Surgical procedure
(A) During surgery the airway was found to be severely stenotic with multiple stents including one entering the 
ascending aorta. (B and C) The old homograft trachea was removed and replaced by the engineered graft. 
(C) The aortic defect was closed with a bovine pericardial patch and air leaks sealed. (D) Transforming growth 
factor β was injected into tracheal rings in the operating theatre before (E) implantation of the recellularised 
graft. (F) Before closing, an omental wrap was brought up to cover the graft. The graft sits in the anatomical 
position to the right of the ascending aorta.

A B C

Figure 2: Bronchoscopic appearances
(A) Microlaryngobronchoscopy 15 days after the transplant showing a dense web covering the stent and partially 
occluding the lumen (A), which was cleared by regular bronchoscopies and DNAase. (B) Image at 6 months, 
showing that reabsorption of the stent (white areas) caused so-called cobblestones of granulation tissue with little 
normal epithelium. (C) At 15 months after surgery, the graft seemed to be patent, with healthy mucosa.

See Online for appendix
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We aim to give professional 
powers to every possible 
patient, thus eliminating 
avoidable appointments 
and all preventable non-
adherence / meds abuse. 

>> Revolutionising the 
experience of diagnostics 
and care delivery for 
patients and relieving 
clinicians of all tasks 
patients can perform.  
 
>> Meeting or exceeding 
medical laboratory 
standards at population 
scale with a new 
generation of remote POC 
Quality Management and 
Certification Technology.  

Transforming Healthcare 
through Self-Care.
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“Do not underestimate the power 
Exponential Technology.” 



“Do not underestimate the power 
Exponential Technology.” 

“Do not underestimate the power 
of us Human Beings.” 



“Do not underestimate the power 
of us Human Beings.” 

“Do not underestimate the power 
of the Dark Side.” 

“Do not underestimate the power 
Exponential Technology.” 



THANK YOU  

150HEALTH.comdrjack@wellfounded.health LinkedIn: jackkreindler

http://150HEALTH.com
mailto:drjack@wellfounded.health

