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Aspects on bronchial healing

Thorough understanding of bronchial anatomy and healing 
is mandatory for prevention of any type of postoperative 
airway complications. First of all, we must be aware of 
tracheobronchial vascularization. Blood supply of the 
cervical trachea comes mainly from the inferior thyroid 
artery. The thoracic trachea has a more variable blood 
supply which may come from the vertebral artery, the 
subclavian artery and the supreme intercoastal artery. The 
lower trachea is nourished by the internal thoracic artery 
whereas the bifurcation and main bronchi are vascularized 
by the superior and middle bronchial artery arising directly 
from the thoracic aorta (1). During airway surgery or lymph 
node dissection these vessels are divided which may partially 
or completely compromise bronchial blood perfusion.

The first large animal study by Rienhoff et al. in 
1942, demonstrated that bronchial healing 4 weeks after 
pneumonectomy can be considered as “primary healing” 
at the edge of the bronchial stump in only 18%. Far more 
often (57%) bronchial healing is a combination of primary 
healing at the stump and secondary healing from the 
surrounding tissue (2). His conclusions from macroscopic 

and histological analysis of the bronchial stump, was that 
the sutures cut through the bronchial wall, no matter 
what suture technique was applied, resulting in secondary 
healing from the surrounding structures. In a similar 
experiment Smith et al. showed that better results with less 
bronchopleural fistula could be obtained by mechanical 
staplers (3). The explanation for this is that primary 
healing of the bronchial stump only occurs at the firmly 
adapted edge of the bronchial stump from the mucosa and 
submucosa not at the more proximal suture line. As early as 
7 days after resection neo-angiogenesis at the edge of the 
bronchial stump promotes revascularization and healing (4).

Healing of the bronchial anastomosis after complete 
circumferential sleeve resection is always accompanied 
by ischemia of the distal end of the bronchus, as it’s 
blood supply has been interrupted. Again, healing relies 
on primary healing at the distal bronchial mucosa and 
secondary healing from the surrounding tissue. 

Suture material and technical aspects of 
bronchial closure/anastomosis

The bronchial stump is adapted by an airtight closure of 
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the bronchus. This can be achieved by a manual running/
interrupted suture or a mechanical stapling device. In an 
experimental animal model, the initial stability to pressure 
of the different suture techniques was equivalent with a 
slight advantage for stapling devices (5,6). Several older 
studies have shown that the more surface the suture material 
provides (silk > catgut > staples), the more inflammatory 
tissue will be formed. Inflammatory tissue means less 
stability of the tissue at the end of the bronchus (7). Here 
again, stapled closure was slightly better, showing less 
inflammatory tissue and therefore more stable bronchial 
healing. al-Kattan et al. demonstrated in a large series of 
503 pneumonectomies that bronchial stump closure with 
a nonabsorbable running suture could reduce the rate of 
bronchial pleural fistula to 1.3% (8). When comparing the 
stability of monofilament running sutures with staplers 
there was no difference (5).

The technique for complete circumferential airway 
resection and reconstruction with a tension free end-to-
end anastomosis was technically improved by avoiding 

telescoping technique which impairs healing of the 
bronchial ends face to face at the mucosa (9,10) and by 
changing from an interrupted suture technique to a single 
running suture technique (11). These simple changes 
reduced the incidence of anastomotic complications 
from 19% to 4% in lung transplantation. Nevertheless, 
interrupted suture is still preferred in several centers to 
adapt bronchi of size difference. But as we gain experience 
with minimally invasive (VATS) sleeve resection, ongoing 
discussion on whether interrupted suture is better than 
single running suture have become obsolete (12,13).

Healing of the bronchial anastomosis 

Postoperative bronchoscopic control of bronchial healing 
after sleeve resection can be performed on the 7th POD 
to assess and document endobronchial healing with the 
help of a five-step classification (Table 1) (14). This early 
bronchoscopic classification was developed to document 
the intensity of ischemic necrosis and infection during the 
critical phase of bronchial healing after sleeve resection. 
Early awareness of an anastomosis at risk and rapid 
intervention may prevent more severe complications.

In about half the patients, the bronchial anastomosis heals 
by primary intention without signs of ischemia (Figure 1:  
grade 1). In the other half, depending on the grade of 
ischemia, the bronchial wall shows different depths of 
injury. The endobronchial mucosa is the most sensitive part 
of the bronchial wall, showing partial or circumferential 
fibrin deposits and necrosis, mainly in the proximal part 
of the distal bronchus (Figure 2: grade 2). As ischemia 
proceeds, the distal mucosa may show signs of submucosal 
bleeding and atrophy that may extend into the segmental 
bronchi (Figure 3: grade 3). Followed by complete necrosis 
of the bronchial wall with softening of the connective 
tissue. This can be detected at bronchoscopy by an 
instability of the distal bronchus in relation to the central 
airways when the patient coughs (Figure 4: grade 4). Unless 
revascularization occurs from the surrounding tissue in this 
very critical phase, necrosis will proceed to perforation into 
the mediastinum or pleural cavity (Figure 5: grade 5).

Prevention of postoperative disorders

Factors compromising bronchial healing are local ischemia 
(reduced blood supply to the bronchus after lymph node 
dissection) and infection. Yamamoto et al. investigated 
mucosal blood flow with a laser doppler at the surgical site 

Figure 1 Grade 1: healing well, no fibrin deposits.

Table 1 Classification of the tracheobronchial anastomosis

Grade Anastomosis on day 7 after sleeve resection

X Unknown

1 Healing well, no fibrin deposits

2 Focal fibrin deposits, superficial (mucosal) necrosis

3 Circular fibrin deposits, superficial (mucosal) necrosis 
and/or ischemia of the distal mucosa

4 Transmural necrosis with instability of the anastomosis

5 Perforation, necrosis of the anastomosis, insufficiency
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Figure 3 Grade 3: circular fibrin deposits, superficial necrosis and/
or ischemia of the distal mucosa.

Figure 5 Grade 5: perforation, necrosis of the anastomosis, 
insufficiency.

Figure 4 Grade 4: transmural necrosis with instability of the 
anastomosis.

Figure 2 Grade 2: focal fibrin deposits, superficial (mucosal) 
necrosis.

of the bronchus pre-, intra- and postoperatively (POD 
8-10) in patients who had no preoperative therapy, after 
chemotherapy with and without radiotherapy (15). In 
patient with no preoperative therapy or chemotherapy 
change in mucosal blood flow was low and healing was 
satisfactory. In patients after radiotherapy, preoperative 
mucosal blood flow was 70% lower than in those without 
preoperative therapy and decreased further after surgery. 
Healing of the bronchus was poor. The authors confirmed 

that preoperative radiotherapy adversely affects bronchial 
mucosal blood flow and healing of the bronchial stump. 
A similar effect was demonstrated by Koryllos et al., 
neoadjuvant chemoradiation had an adverse influence 
on bronchial anastomosis healing whereas neoadjuvant 
chemotherapy alone did not (16). 

Pulmonary infections are highly involved in pulmonary 
complications after lung surgery. Microbial airway 
colonization, which is found in 10% to 83%, could 
be the predisposing factor (17). The combination of 
local ischemia and infection of the bronchial stump or 
anastomosis may be the main cause for bronchopleural 
fistula/anastomostic insufficiency. Prophylactic use of 
Tobraymycin® inhalation has been proposed to protect the 
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bronchus in the first 7 postoperative days. A positive effect 
on bronchial healing was documented (18).

Covering the bronchial stump after right sided 
pneumonectomy or sleeve resection is controversely 
discussed. Coverage using a free pericardial fat pad has 
been proven to be a simple effective method (19). In an 
animal model Carbognani et al. performed a histological 
and imunnohistological analysis and comparison of 
intercostal muscle, diaphragmatic muscle flap and 
pericardial fat pad (20). All three had angiogenetic 
capacities, producing new vessels around the bronchial 
stump, but the muscle flaps were statistically the best 
in terms of angiogenesis. Shoji et al. demonstrated the 
angiogenic ability that the pericardial fat pad, which 
supports bronchial healing in the early postoperative phase 
after lung resection (21).

Management of postoperative complications 
after tracheobronchial surgery

Bronchial complications occurring in the early phase  
(<7 days) are frequently due to a technical failure. Sudden 
increased leakage over the chest tube, subcutaneous 
emphysema with signs of infection should raise the 
clinical suspicion of bronchial insufficiency/anastomostic 
insufficiency, which must be confirmed by bronchoscopy. 
In such cases reoperation with resuturing of the bronchial 
stump or bronchial anastomosis and covering the bronchus/
anastomosis with vital tissue is mandatory to support 
secondary healing.

Late complications (>7 days) are much more complex, 

they are a combination of surgical trauma at the bronchus, 
ischemia and local infection. The infection of the thoracic 
cavity is a feared complication with an incidence of 1.5% 
to 28% in the literature (22,23). Depending on at what 
point in time the diagnosis of a bronchial complication 
is made, treatment may be as simple as a chest tube 
drainage and antibiotics up to reoperation with secondary 
pneumonectomy.

Diagnosis of late bronchial insufficiency is confirmed 
by computed tomography of the chest and bronchoscopy. 
If the bronchial fistula and the cavity insufficient bronchial 
stump is small and covered by the surrounding tissue of 
the lung and the mediastinum, then a local drainage with 
antibiotics may be sufficient. 

Bronchopleural fistula after pneumonectomy is more 
frequent on the right side than on the left side as the left 
main bronchus is protected within the mediastinum covered 
by the surrounding aorta and oesophagus. Bronchopleural 
fistula due to a too long right bronchial stump after 
pneumonectomy for example, that is no longer covered by 
mediastinal tissue, conservative managed is usually not an 
option. Initial therapy consists of drainage of the infected 
thoracic cavity and antibiotics to protect the contralateral 
lung. Once the patient is stabilized definitive closure of the 
bronchial stump is the goal of the treatment. At first the 
thoracic cavity must be cleaned. The Clagett procedure was 
described with serial operative debridement and antiseptic 
towels until the thoracic cavity as a possibility (24). The 
bronchopleural fistula will require muscle flap closure 
at some point depending on the size of the fistula. More 
recently negative pressure vacuum-assisted devices (VAC) 
have been applied to avoid a temporary thoracic window 
and thoracoplasty in these fragile patients (25). This 
method promotes granulation tissue formation, decreases 
bacterial wound load and wound volume reduction. Once 
the thoracic cavity is entirely covered with granulation 
tissue, the microbiologic findings are negative, and the 
bronchopleural fistula has healed then definitive closure 
of the chest cavity is possible. Mortality rate of post 
pneumonectomy bronchopleural fistula remain high, it lies 
between 29% and 79% (26) (27). Prevention must therefore 
be our main goal.

To prevent anastomotic insufficiency, a critical 
anastomosis (grade 3 or more) on POD 7 will receive 
extra attention according to a standardized algorithm 
(Figure 6). Similarly, to bronchial stump insufficiency, if the 
anastomosis is covered by surrounding tissue conservative 
treatment as described above will be applied (Figure 7). 

Figure 6 Treatment algorithm according to bronchoscopic 
classification of the anastomosis after tracheobronchial sleeve 
resection on POD 7.

Bronchoscopy POD 7
&

Classification

Sleeve resection

Grade 3 Grade4&5Grade1&2

Chest CT
+

Antibiotics
+/−

Operation

Discharge Re-bronchoscopv 
every 4 davs

Re-bronchoscopv after 4 weeks to 
exclude stenosis



6183Journal of Thoracic Disease, Vol 12, No 10 October 2020

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2020;12(10):6179-6184 | http://dx.doi.org/10.21037/jtd.2020.03.63

Only if the remaining lung cannot expand or anastomotic 
perforation into the pleural cavity is identified reoperation 
with secondary pneumonectomy and treatment of the 
infected chest cavity is necessary. Since the introduction of 
a standardized postoperative care after tracheobronchial 
sleeve resection the rate of secondary pneumonectomy was 
reduced to 0.6% (18).

If the anastomosis was classified as grade 3 or more 
bronchoscopy should be performed to after 4 weeks to 
exclude stenosis.
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