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Introduction

For nearly seven decades, carinal surgery has remained 
challenging for thoracic surgeons due to technical 
difficulties, including the administration of anesthesia 
during the reconstruction and the anatomical technique of 
carinal reconstruction (1-4). Even in appropriately selected 
patients treated at centers with experience, carinal surgery 
in open thoracotomy is associated with major issues and 

is accompanied by high morbidity and mortality rates of 
39.0–50.0% and 7.1–22.2%, respectively (5-7).

Since the introduction of video-assisted thoracoscopic 
surgery (VATS) to major thoracic operations, such as 
pulmonary lobectomy, approximately a quarter-century 
ago (8,9), many challenges associated with the use of VATS 
to treat locally advanced lung cancer have been described 
(10-17). However, despite widespread doubt that a VATS 
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approach would be suitable in the setting of extremely 
difficult carinal surgery, a successful case of VATS carinal 
resection and reconstruction was first reported in 2013 (18).  
While surgeons encountered several difficulties during 
carinal reconstruction in that case, further improvements 
in surgical skills and the technological advancement of 
thoracoscopic instruments are expected to allow more 
surgeons to perform VATS carinal surgery. 

This review article focuses attention on the feasibility of 
airway management and technical strategies for complex 
anastomosis during carinal reconstruction under a VATS 
approach, which includes rapidly evolving surgical 
technologies. Between April 1992 and March 2017, 
literature published worldwide and written in English 
were retrieved from a listing of bibliographic references 
obtained from the National Institutes of Health (https://
www.ncbi.nlm.nih.gov/pubmed) using the specific keywords 
“VATS”, “thoracoscopic”, “carinal”, and “reconstruction”. 
The retrieved studies consisted entirely of case reports and 
small case series, probably due to the rare nature of the 
relevant diseases. There were eight reports of VATS carinal 
resection and reconstruction and four reports of VATS 
pneumonectomy with carinal reconstruction, and their 
results regarding ventilation strategy, surgical techniques, 
and postoperative complication are listed in Tables 1 and 2,  
respectively. The Tables may include overlapping cases 
because there were several reports including the same 
institutions and coauthors. Technical issues specific to 
the VATS approach including airway management, port 
strategy, reduction of anastomotic tension, extent of 
resection, modes of reconstruction, suturing techniques, 
types of suture thread, and prophylactic wrapping, are also 
discussed in this review.

Airway management

Given that almost all of the reports described VATS 
procedures for the carina through the right thoracic cavity, 
one-lung ventilation (OLV) via the left endobronchial 
tube was used for airway management without tumor 
involvement of the left main bronchus before carinal 
surgery (18-24,26). Four reports showed that the OLV via 
the left endobronchial tube was sequentially used during 
partial resection and reconstruction of the carina (Tables 1 
and 2) (19-21,26). Lin et al. reported that the intermittent 
use of OLV via the left endobronchial tube played an 
important role in airway management during reconstruction 
of the partially removed carina (20). Although “one-stoma 

type” included among the reconstructive techniques for 
correction of the partially removed carina helped surgeons 
avoid removing the left endobronchial tube, intermittent 
OLV may be performed with the cooperation of surgeons 
and anesthesiologists only when it is hard to stitch one-
stoma reconstruction.

When the left main bronchus was transected in the 
first stage of sleeve resection of the carina, the left main 
bronchus routinely was intubated using a surgical field tube 
(approximately 6.0 mm in diameter, in which a sterile spiral 
was embedded) for cross-field ventilation. Thereafter, high-
frequency jet ventilation (HFJV) through a narrow catheter 
was performed during sleeve resection and reconstruction of 
the carina in four reports (Tables 1 and 2) (18,21-23). HFJV, 
which Sanders first reported as a method of ventilation via 
a bronchoscope (27), was widely applied for airway surgery 
because it provided a better view and equivalent ventilation 
compared with cross-field ventilation (28,29). However, 
care should be taken when establishing HFJV because 
barotrauma, such as pneumothorax, mucosal trauma caused 
by dry gas, and hypoxia and/or hypercapnea due to impaired 
ventilation are associated with adverse effects of HFJV (30). 
In addition, whipping of the catheter tip due to delivery 
of the gas jet can cause mechanical injury to the bronchial 
mucosa when the catheter is made of soft material. 

In the setting of HFJV, the impairment of carbon dioxide 
elimination is associated with an increased respiratory 
rate, decreased driving pressure, and reduced inspiratory  
time (31). Typical settings for HFJV are as follows: a 
respiratory rate, 150 cycle/minute (2.5 Hz); driving 
pressure, 2.0 kg/cm2; inspiratory time, 50%; and inspired 
oxygen fraction (FiO2), 1.0 (30). The authors complied with 
this setting, but halving the driving pressure and inspiratory 
time was sufficient in a previous patient (18). In the authors’ 
experience, the configuration of the tip of a narrow catheter 
also was associated with a successful operation. The authors 
selected a blocker tube with a deflated balloon for the 
following three reasons: First, the blocker tube helped 
achieve OLV without causing any injury to the tumor. 
Second, the deflated balloon prevented the bronchial 
mucosa from causing mechanical injury because the deflated 
balloon kept the tip of the tube nearly immobilized and 
served as shock-absorbing material during HFJV in the 
bronchus (18). Third, hypothetically speaking, balloon 
inflation protects the left main bronchus from the aspiration 
of blood, even if sudden massive bleeding occurs. HFJV 
via the blocker tube with a deflated balloon can therefore 
resolve concerns about tube management interfering with 
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the surgical field and ventilation causing complications such 
as hypoxia and/or hypercapnea. 

Patients with combined abnormalities of the lung 
function, such as chronic obstructive pulmonary disease, 
and male patients with an elevated body weight may 
be contraindicated for HFJV, as impairment of carbon 
dioxide elimination is often found in such patients (31,32). 
Porhanov et al. claimed that the use of HFJV may be a risk 
factor for the development of acute respiratory distress 
syndrome (ARDS) (33), although many investigators have 
reported that the physiology of HFJV seems to make it 
an ideal modality for patients with acute lung injury or  
ARDS (30,34,35).

Two reports described cross-field ventilation using a 
surgical field spiral tube being sequentially performed 
during carinal reconstruction (Tables 1 and 2) (21,24). He 
et al. reported that cross-field ventilation is a traditional 
and trustworthy airway management method, which may 
increase the risk of ARDS, as reported by Porhanov et al. 
(24,33). However, a surgical field tube prevents surgeons 
from stitching the left wall, farthest from the operating 
surgeon, when performing anastomosis between the trachea 
and the left main bronchus. When the anastomotic portion 
undergoes an increase in tension, it is too difficult to ligate 
or to stitch. A parachute suture technique may be a good 
way to anastomose when surgeons have difficulty visualizing 
the far side of the tube (24).

When delivering anesthesia during carinal surgery, there 
are only two methods for avoiding the need for troublesome 
airway management: lung assist using extracorporeal 
circulation and innovative non-intubated anesthesia. 
Extracorporeal lung assist is an ideal way to reconstruct 

the carina when airway management is difficult because of 
tumor involvement of the carina. Woods et al. reported the 
first successful case of simple reconstruction of the carina 
using the extracorporeal circulation (36). However, several 
investigators have reported unsuccessful cases complicated 
with hemorrhaging due to the use of even low-dose 
heparin (4,37). The indications for the extracorporeal lung 
assist may be limited to patients who cannot receive usual 
airway management by an anesthesiologist due to tumor 
involvement of the carina.

Regarding non-intubated anesthesia, Mukaida et al. first 
reported thoracoscopic wedge resection for pneumothorax 
under local and epidural anesthesia in 1998 (38). Thereafter, 
Pompeo et al. reported that the non-intubated thoracoscopic 
approach was superior to the conventional thoracoscopic 
approach under general anesthesia for the treatment 
of benign diseases (39-43) as well as for the immune 
systems of patients (44,45). Furthermore, Chen et al.  
reported that non-intubated thoracoscopic lobectomy was 
safe and technically feasible in select patients with early-
stage non-small cell lung cancer (46-48). Finally, Peng et al.  
reported highly successful results in performing VATS 
carinal resection and reconstruction under non-intubated 
anesthesia for one carefully selected patient (Table 1) (25). 

We hesitated to perform non-intubated VATS major 
surgery because a randomized control study reported that 
the non-intubated anesthesia group tended to have greater 
intraoperative blood loss during major surgery than the 
conventional one-lung anesthesia group (49). If bleeding 
suddenly occurs, it can be extremely difficult to control in a 
limited working space due to spontaneous breathing of the 
affected lung (50). We were also concerned about avoiding 

Table 2 Literature review of VATS pneumonectomy with carinal reconstruction

First author 
(reference) (year)

n
Ventilation 
strategy

Ports 
(n)

Access  
port (cm)

Extent of 
resection

Modes of 
reconstruction

Suturing 
technique

Suture 
thread

Prophylactic 
wrapping

Complication

Nakanishi (25); 
2014

1 OLV via 
LEBT

3 5 Right whole 
lung, partial 
carina

Wedge 
carinoplasty

Interrupted 3–0 PDS Pedicled 
pericardial fat

None

Li (21); 2016 1 CFV 3 4 Right whole 
lung, carina

End-to-end Continuous 3–0 
Prolene

None None

Gonzalez- Rivas 
(22); 2016

1 HFJV 1 5–6 Right whole 
lung, carina

End-to-end Continuous 3–0 PDS 
or V-Loc

Pedicled 
pericardial fat

NA

Lyscov (23); 
2016

1 HFJV 1 5–6 Right whole 
lung, carina

End-to-end Continuous 3–0 PDS 
or V-Loc

Pedicled 
mediastinal 
pleural flap

None

OLV, one-lung ventilation; LEBT, left endobronchial tube; CFV, cross-field ventilation; HFJV, high-frequency jet ventilation; NA, not applicable.
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aspiration of the blood and secretion into the left main 
bronchus and administering local anesthesia to the left main 
bronchus. Such an innovative surgery might have been 
achieved due to the fact that Peng’s center had a great deal 
of experience in performing non-intubated surgeries.

Port strategy

Six of seven investigators performed VATS carinal 
resection and reconstruction using 3 to 5 ports, including 
an access port 4 to 6 cm in length, while Gonzalez-Rivas 
et al. reported an innovative uniportal strategy with a 
port 4 to 6 cm in length that led to the first successful 
VATS carinoplasty (22,23) (Tables 1 and 2). Despite the 
conventional VATS procedures using multiple ports, thus 
complicating the already complex carinal surgery because of 
two-dimensional imaging and restricted handling of surgical 
instruments compared with open thoracotomy, Gonzales-
Rivas et al. successfully performed VATS carinoplasty using 
as few ports as possible (22). 

Over the past two years, Gonzales-Rivas et al. have 
reported a successful uniportal VATS series including 
lobectomy (51), sleeve lobectomy (52,53), lobectomy with 
pulmonary arterioplasty (54), double-sleeve lobectomy (55),  
and pneumonectomy (56). These authors have demonstrated 
exceptional ability and improved their skills in a stepwise 
manner, which led to their successful performance of 
uniportal VATS carinoplasty. They showed that complex 
uniportal VATS procedures should be performed either 
by or with skilled and experienced VATS surgeons to 
ensure safety and avoid complications (57). At present, 
uniportal VATS carinoplasty seems to be the hardest 
surgery because of the excessively restricted handling of 
surgical instruments and therefore requires several super-
minimally invasive surgical techniques. These authors 
developed ideal strategies to ensure their surgery’s success. 
We therefore believe that their strategies, including airway 
management using HFJV, double-barrel reconstruction by 
creating neocarina, and a continuous suturing technique 
using absorbable barbed sutures, may facilitate multiport 
VATS procedures for carinal surgery. Each of the above-
mentioned strategies is discussed in detail below.

Reduction of anastomotic tension

All of the investigators reported that the distal trachea and 
both main bronchi were fully released, with minimal harm 
to the vascular supplies to the airway, in order to reduce 

any unnecessary tensile force during anastomosis after 
dividing the pulmonary ligament (18-26). Extended hilar 
mobilization including release of the pericardium around 
the pulmonary vein may be beneficial in some cases with 
heightened tension between the trachea and bronchus (4).  
There have been no reports on specific techniques for 
the reduction of anastomotic tension in the VATS carinal 
reconstruction except for our report. In our case, a 
technically demanding type of reconstruction was required 
to overcome the increased anastomotic tension because 
removal of the 4-cm-long airway, including the trachea and 
carina, was required. Therefore, we employed an innovative 
traction technique that included the use of a traction device 
with an endoscopic needle-like hook to reduce anastomotic 
tension (58). This technique is helpful for reconstruction of 
the long-segment airway including the carina.

Extent of resection and modes of reconstruction

Modes of carinal reconstruction are usually dependent on 
the extent of resection of the carina to the trachea. A variety 
of techniques for reconstruction of the carina have been 
published (4), but Table 1 shows only four types of carinal 
reconstruction feasible under VATS. It seems logical that 
there are fewer feasible modes of carinal reconstruction 
by VATS than by open thoracotomy, as VATS procedures 
always require deflation of the affected lung to secure 
a working space, and handling of surgical instruments 
is restricted during VATS procedures. Specifically, 
anastomosis between the right main bronchus and trachea 
followed by implantation of the left main bronchus into the 
bronchus intermedius, which Barclay et al. performed after 
removal of extensive trachea and carina (59), seems almost 
impossible to perform using VATS procedures because of 
the extreme difficulty associated with airway management 
to secure a working space. To perform such reconstruction 
successfully, implantation of the left main bronchus into 
the bronchus intermedius must be preceded during HFJV 
or cross-field ventilation of the left lung. HFJV is then 
required to introduce the left main bronchus via the 
bronchus intermedius. The “reverse” Barclay’s procedure, 
consisting of anastomosis between the left main bronchus 
and trachea followed by implantation of the right bronchus 
into the left main bronchus, can be performed with easier 
management of the airway and therefore seems possible 
even by VATS procedures (4,18) (Figure 1).

Naturally, anastomotic tension between the trachea and 
left main bronchus must be reduced to allowable levels. 
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Dartevelle and Macchiarini showed that the safe limit of 
carinal resection is approximately 4 cm between the lower 
trachea and contralateral main bronchus (60). Porhanov 
et al. also reported carinal resection of 2–4 cm to be safe 

because there was a significant difference in the mean length 
of carinal resection by survival (5.3 cm in non-survivors 
versus 3.4 cm in survivors) (33). Because the extent of 
resection between the trachea and carina was 4 cm in length 
in our previous case, we employed the “reverse” Barclay’s 
procedure for VATS carinal reconstruction after sufficient 
mobilization (18).

The mode of  car ina l  reconstruct ion was  one-
stoma type when the carina was partially removed (61). 
This reconstruction mode seems easier than other 
reconstructions after sleeve resection of the carina because 
of single anastomosis and flat airway management. 
However, it is difficult to match the aperture of the trachea 
with the caliber of the bronchus intermedius and to 
perform end-to-side anastomosis using VATS procedures. 
All three reports found that surgeons had to get creative 
with matching the tracheal aperture with the caliber of the 
bronchus intermedius. Specifically, the side of the lower 
segment of the trachea was first sutured to narrow the rim 
of the tracheal aperture to better match the caliber of the 
bronchus intermedius (19-21) (Figure 2). In end-to-side 
anastomosis which is technically demanding, continuous 
suturing with a parachute technique may be used with the 
use of a nerve hook to prevent thread loosening (20).

Sleeve resection of the carina without pneumonectomy 
requires double anastomoses. The following three methods 
have been described: above-mentioned “reverse” Barclay’s 
reconstruction, carinal reconstruction performed in a 
manner analogous to Miyamoto et al., and a “double-barrel 
gun” type reconstruction (Table 1). Miyamoto’s technique 
includes the first anastomosis between two-thirds of the 
tracheal end and the left main bronchus and the second 
anastomosis between one-third of the tracheal end, which 
is trimmed to create an oval-shape orifice, and the right 
bronchus in an end-to-side fashion (7). He et al. reported 
their techniques, which included the first anastomosis 
between the tracheal end and three-quarters of the left 
main bronchus and the second anastomosis between the 
right bronchus and the aperture, which was made after the 
completion of the first anastomosis (24) (Figure 3). These 
surgeries require technical skills and innovative sense 
because double anastomoses are instrumental in the success 
or failure of carinal reconstruction.

Regarding double-barrel gun type carinal reconstruction, 
Hardin and Fitzpatrick first reported successful results (62). 
Gonzalez-Rivas et al. reported an innovative technique for 
uniportal VATS carinal reconstruction using easy-to-follow 
illustrations. Their technique included the first anastomosis 

Figure 1 The “reverse” Barclay’s procedure for VATS carinal 
reconstruction. VATS, video-assisted thoracoscopic surgery.

Figure 2 The one-stoma type procedure for VATS carinal 
reconstruction. VATS, video-assisted thoracoscopic surgery.
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of the left-sided wall between the trachea and left main 
bronchus and the second anastomosis of the remnant wall 
between the trachea and bronchi after creation of neocarina 
resembling a double-barrel gun (22) (Figure 4). Even though 
the surgical conditions were severe, their technique appears 

to be simple and feasible. Although they performed airway 
management using HFJV, their procedures may allow for 
the use of cross-field ventilation. 

However, Grillo previously explained that even double-
barrel gun type reconstruction has weaknesses (4). Briefly, 
this technique is applicable only in cases of very small 
tumors requiring limited resection of the carina, probably 
due to two directional tensile forces exerted on the 
neocarina. Specifically, anastomosis between the trachea 
and left main bronchus is accomplished by devolvement 
of the trachea down to the neocarina because the left main 
bronchus has very little mobility, even if blunt dissection 
is carried down its anterior surface (4). Because the other 
tensile force exerted on the neocarina is determined by the 
defect of the right bronchus and right hilar mobilization, a 
larger defect of the right bronchus and/or less mobilization 
may lead to anastomotic failure of the neocarina. In 
contrast, Gonzalez-Rivas et al. successfully performed 
double-barrel gun type reconstruction in two patients 
who required additional right upper lobectomy (22). A 
small extent of the resection between the lower trachea 
and left main bronchus may permit double-barrel gun 
type reconstruction because anastomotic tension between 
the lower trachea and right bronchus, which occurred in 
association with extensive removal of right bronchus, is 
largely offset by extensive right hilar mobilization. Further 
studies may be needed in order to establish the feasibility 
of double-barrel gun type reconstruction after extensive 
resection of the airway including the carina. 

The modes of carinal reconstruction for VATS 
pneumonectomy with wedge and sleeve resection of 
the carina include wedge carinoplasty and end-to-
end anastomosis between the trachea and left main 
bronchus, respectively (Table 2). Since Mathey et al. 
first reported successful techniques and results, both 
modes of reconstruction are the most common carinal 
procedures (63). Although airway reconstruction after 
sleeve pneumonectomy seems easier than that after sleeve 
resection of the carina when pneumonectomy can be 
avoided because of single anastomosis and flat airway 
management, extreme care should be taken concerning the 
anastomotic tension between the lower trachea and left 
main bronchus, as we described previously. 

Suturing technique

In carinal reconstruction under open thoracotomy, many 
surgeons recommend interrupted sutures in order to 

Figure 3  Miyamoto- l ike  procedure  for  VATS car ina l 
reconstruction. VATS, video-assisted thoracoscopic surgery.

Figure 4 The double-barrel gun type procedure for VATS carinal 
reconstruction. VATS, video-assisted thoracoscopic surgery.
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better match the caliber of the airway anastomotic portion, 
although continuous sutures have been occasionally used 
only on the deepest aspect of the airway with respect to 
the surgeon in end-to-end anastomosis (4-7). However, 
Kutlu and Goldstraw showed that continuous sutures 
were comparable to interrupted sutures in the anastomotic 
healing of the airway and recommended the use of 
continuous sutures because of the speed and technically ease 
of the procedure (64). 

In this series of VATS carinal reconstruction, the use of 
continuous sutures increased over time (Tables 1 and 2). The 
main reasons for the trend toward continuous sutures among 
VATS surgeons include a decreased operative time caused 
by the reduced number of ligations, the prevention of any 
tangling of the sutures, and easier anastomoses. Continuous 
sutures, which are reliable in the tensile portion (65),  
have been experimentally certified as reliable for use in 
carinal reconstruction in animals (66,67).

However, continuous sutures occasionally prevent the 
anastomotic portion from being aligned in an end-to-
end fashion, causing the anastomosis to become partially 
telescoping. This is not a cause for concern because a 
partially telescoping anastomosis maintains continuity of 
the airway. We believe that continuous sutures using three 
to four threads rather than a single thread will lead to a 
good outcome by matching the caliber of the tracheal end 
with that of the bronchus. In a similar concept, Gonzalez-
Rivas et al. showed that continuous sutures performed in 
two steps for the posterior and the anterior bronchial wall 
resulted in less suture tangling and a quicker performance 
than interrupted sutures (57). 

A parachute technique was used in a video included 
with two reports (24,25). This technique led to a speedy 
surgery, the prevention of tangling of the sutures, and easier 
stitching with end-to-side anastomosis and anastomosis 
of the far side of the tube. We believe that the needle and 
thread should not be pulled out from the wound at every 
stitch because tangling often occurs.

Types of suture thread

Few studies have examined the effect of the suture material 
used for airway reconstruction on wound healing (68-72).  
Shaw and Luke reported that polyglycolic acid as 
absorbable sutures (n=45) was associated with a lower rate 
of anastomotic complications than non-absorbable sutures, 
including cotton and synthetic materials (n=55), in 100 
consecutive patients who underwent sleeve lobectomy (68).  

Grillo found absorbable sutures to be advantageous 
for tracheal reconstruction because of the decreased 
appearance of granulation tissue at the anastomosis (69). 
In an experimental study using rabbits, McKeown et al. 
showed that the use of polydioxanone (PDS; Ethicon, Inc, 
Somerville, NJ, USA) as absorbable sutures was associated 
with a lower stenotic ratio at tracheal anastomosis than 
the use of polypropylene (Prolene; Ethicon, Inc) as non-
absorbable sutures (70). In contrast to the results of the 
above studies, Chinese investigators showed successful 
VATS carinal reconstruction using Prolene sutures  
(19-21,24,25) (Tables 1 and 2). Both PDS and Prolene 
sutures are synthetic monofilament sutures causing minimal 
tissue reaction, although their materials differ with regard 
to the absorption into the body. Therefore, the effect on 
the airway anastomosis of both sutures may be minimal and 
pose little risk to the patency of the airway. However, this 
issue may never be resolved, as new suture materials are 
continually being developed. 

Two reports described successful airway reconstruction 
using a novel absorbable barbed suture device (V-LocTM 
180, Covidien AG, New Heaven, CT, USA) that facilitates 
secure wound closure without knot-tying and is indicated 
for soft tissue approximation, where the use of absorbable 
sutures is appropriate (Tables 1 and 2). Bush et al. reported 
that tracheal anastomosis with continuous 3–0 V-Loc 
sutures was a feasible alternative to conventional closure 
with interrupted 3–0 absorbable, synthetic, and braided 
sutures due to their comparable tensile strength in a study of 
cadaveric human trachea (71). Nakagawa et al. showed that 
bronchial anastomosis using continuous 3–0 to 4–0 V-Loc 
sutures was feasible and safe in four patients undergoing 
sleeve lobectomy (72). Gonzalez-Rivas et al. performed 
successful surgeries based on the two above-described 
studies (22,23). While some concerns remain regarding 
whether or not the V-LocTM 180 sutures can maintain their 
tensile strength in long-segment airway reconstruction, if 
such concerns are eliminated, a novel endoscopic suturing 
device (Endo StitchTM, Covidien AG) with absorbable 
barbed sutures (V-LocTM 180, Covidien AG) may facilitate 
VATS airway reconstruction in the near future. 

Prophylactic wrapping

Grillo’s report describing a patient’s death due to massive 
bleeding on the ninth postoperative day was particularly 
impressive (4). Although Grillo wrapped the anastomoses 
with either a pedicled pleural flap or an intercostal muscle 
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pedicled flap in all patients, the patient in question had 
no tissues interposed between the anastomosis and the 
pulmonary artery. It is therefore highly possible that a fatal 
complication such as bronchovascular fistula occurred. 
We have since performed prophylactic bronchial coverage 
using a pedicled pericardial fat pad flap in order to prevent 
complications attributable to the techniques used for 
VATS bronchoplasty, including carinal reconstruction 
(15,18,26,58). Matsuoka et al. reported that even a free 
pericardial fat pad might contribute to good wound 
healing of the bronchial stump for at least five months after  
surgery (73). Although Tables 1 and 2 shows prophylactic 
coverage using a pedicled pericardial fat pad flap (18,22), 
a pedicled intercostal muscle flap (20), and a mediastinal 
pleural flap (23), there are several investigators who did not 
use prophylactic coverage. Prophylactic bronchial coverage 
may be recommended for patients undergoing VATS carinal 
reconstruction because several studies have reported that 
prophylactic bronchial coverage decreases the incidence of 
bronchial fistula (74-76). 

Surgical outcome

Tables 1 and 2 show neither fatal complications nor obvious 
anastomotic complications. A satisfactory short-term 
outcome was obtained despite few reports with a median 
duration of follow-up exceeding 12 months. In our cases, 
one patient with pathologic stage IIIA (T2aN2M0) who 
required VATS pneumonectomy with wedge carinoplasty 
following induction chemotherapy is still alive without any 
signs of recurrence at 82 months after surgery. The other 
patient with pathologic stage IIIA (T4N0M0) who required 
VATS sleeve carinal resection and reconstruction is also 
alive without any signs of recurrence at 72 months after 
surgery. Both presented with no signs of stenosis of the 
reconstructed carina during follow-up. Reports of the long-
term outcome of the VATS carinal surgeries listed in this 
review article are expected to be forthcoming.

Indication for VATS carinal resection and 
reconstruction

When the second diameter of the lesion is larger than the 
length of the access incision, which was around 5 cm in the 
retrieved reports, the lesion is understandably difficult to 
extract through the access incision without significant rib 
spreading. Regarding invasion to the surrounding organs, 
a few investigators have reported that partial removal of 

the superior vena cava (SVC) with lobectomy is feasible in 
patients with lung cancer (26,77). However, there are no 
reports of VATS treatment for invasion of the esophagus, 
aorta, or extensive SVC. From our successful experiences 
(18,26) and a report on association between the extent of 
resection and the prognosis (33), the safe limit of carinal 
resection is approximately 4 cm between the lower trachea 
and contralateral main bronchus, although the extent of 
resection varies among individuals.

A three-dimensional thoracoscope and robotic arm may 
reduce the vulnerability associated with such problems 
as the availability of only two-dimensional images and 
limited manipulation of the needle holder, respectively 
(78,79). Robotic surgery provides a three-dimensional 
view and easy manipulation of the needle holder, thereby 
allowing the surgeon to perform high-precision sutures, 
as in open thoracotomy (80,81). Although the indications 
for VATS carinal resection and reconstruction with or 
without anatomic pulmonary resection may be expanding 
with improvements in surgical skills and the technological 
advancement of thoracoscopic instruments, we believe that 
the current indication includes the second diameter of the 
lesion ≤5 cm, minimal invasion to the surrounding organs, 
such as low-grade invasion of the SVC, and extent of 
resection ≤4 cm between the lower trachea and contralateral 
main bronchus (Table 3).

Conclusions

VATS carinal resection and reconstruction remain 
chal lenging due to  the l imited modes  of  car inal 
reconstruction as well as problems specific to the VATS 
approach, such as airway management, reduction of 
anastomotic tension, and suturing techniques. However, 
VATS carinal surgery with or without anatomic pulmonary 
resection may be made feasible by adopting several 
approaches, including HFJV using a blocker tube, an 
effective traction technique using endoscopic devices, and 
continuous sutures, and should be performed either by or 
with skilled and experienced VATS surgeons. In addition, 
non-intubated anesthesia and a uniportal strategy for VATS 
carinal surgery may be feasible at centers with a great deal 
of experience, although such techniques seem particularly 
challenging. The current indications for VATS carinal 
surgery are quite narrow and include the second diameter 
of the lesion ≤5 cm, minimal invasion to the surrounding 
organ, and extent of resection ≤4 cm between the lower 
trachea and contralateral main bronchus.
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