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ABSTRACT

Objectives: A rare and complex procedure, total lung sparing left secondary carinal
resection and reconstruction is only performed in a few specialized centers in a
restricted group of patients. We reviewed our experience to evaluate its safety.

Methods: Patients who underwent left secondary carinal resection and reconstruc-
tion with complete lung parenchymal preservation for low-grade bronchial malig-
nancies at the Shanghai Chest Hospital and the Padua University Hospital were
retrospectively reviewed. Clinicopathologic factors and perioperative outcomes
were analyzed.

Results: Thirty patients underwent the procedure between July 2012 and July 2019
(mean age, 42.9 years). No operative mortality occurred and postoperative compli-
cations developed in 4 patients (13.3%), including pneumonia (n¼ 3 [10.0%]), sub-
cutaneous emphysema (n ¼ 2 [6.7%]), and prolonged air leak (n ¼ 2 [6.7%]).
Pathologies included adenoid cystic carcinoma (n ¼ 11), mucoepidermoid carci-
noma (n ¼ 6), carcinoid tumors (n ¼ 9 [8 typical and 1 atypical subtypes]), inflam-
matory myofibroblastic tumor (n ¼ 3), and myoepithelioma (n ¼ 1). The margins
were positive in 8 patients (26.7%), whereas 2 patients (6.7%) had positive lymph
nodes. Adjuvant therapies were performed postoperatively, including chemoradio-
therapy for positive lymph nodes and radiotherapy for positive margins.

Conclusions: Total lung sparing left secondary carinal resection and reconstruc-
tion can be performed safely in well-selected and oncologically appropriate patients
with low-grade bronchial malignancies. (JTCVS Techniques 2021;8:196-201)
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A new secondary carina is reconstructed by anasto-
moses between the main and lobar bronchi.
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CENTRAL MESSAGE

Left secondary carinal resection
and reconstruction with total
pulmonary parenchymal preser-
vation is feasible for selected
patients with low-grade bron-
chial malignancies.
PERSPECTIVE
A rare and complex procedure, total lung sparing
left secondary carinal resection and reconstruc-
tion for highly selected and oncologically appro-
priate patients with low-grade bronchial
malignancies is feasible, with acceptable morbidity
and mortality when performed in experienced
centers.

See Commentaries on pages 202 and 203.
Video clip is available online.

Since the first description in 1947,1 bronchoplastic proced-
ures have become increasingly accepted as the surgical
treatment for different tumors. As for low-grade malig-
nancies involving the main bronchi, such as adenoid cystic
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Abbreviations and Acronyms
CT ¼ computed tomography
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carcinoma, mucoepidermoid carcinoma, and carcinoid
tumors, which have a reported 5-year overall survival
ranging from 52% to 100% and a 10-year survival from
29% to 90%,2-8 bronchoplastic procedures with
pulmonary parenchymal preservation may maintain a
patient’s quality of life without compromising the
oncologic result of the surgery, especially for patients
with poor pulmonary function.5,9 Even for patients who un-
dergo R1 resection for low-grade bronchial malignancies,
postoperative adjuvant radiotherapy helps improve the
prognosis.10

Parenchymal sparing resection of the left secondary ca-
rina for low-grade malignancies is a complex procedure,
performed in carefully selected patients in specialized cen-
ters.9,11-13 There are only a few case reports or case series on
this procedure in limited sample sizes because the low-
grade bronchial malignancies suitable for this technically
demanding procedure are relatively rare. Here we evaluate
the perioperative outcomes of left secondary carinal resec-
tion and reconstruction performed in 2 centers.

MATERIALS AND METHODS
Patients

From July 2012 to July 2019, patients who underwent left secondary

carinal resection and reconstruction with pulmonary parenchymal preser-

vation for low-grade malignant bronchial tumors at the Shanghai Chest
FIGURE 1. A and B, The left secondary carina was resected after the exposur

lobar bronchi. C, The side-to-side anastomosis was performed between the uppe

was anastomosed with the newly reconstructed secondary carina using a continuo

bronchus.
Hospital and the Padua University Hospital were retrospectively reviewed.

The institutional review board of these hospitals approved the retrospective

study (ethics approval KS1992 for the Shanghai Chest Hospital and

chpd2020-11-583 for the Padua University Hospital). Written informed

consent was obtained from the patients for the publication of the data.

The indications for this procedure were the low-grade malignant tumors

originating from the distal left main bronchus, close to or involving the or-

ifices of the upper and lower lobar bronchi confirmed by bronchoscopy and

biopsy, including adenoid cystic carcinoma, mucoepidermoid carcinoma,

carcinoid, myoepithelioma, and inflammatory myofibroblastic tumor.

Meticulous assessment was accomplished by both expert thoracic surgeons

and anesthesiologists before the surgery, including a detailed interview,

physical examination, computed tomography (CT) scan of thorax, brain

magnetic resonance imaging, positron emission tomography/CT, cardio-

pulmonary function evaluation, and bronchoscopy examination. The clin-

icopathologic factors and perioperative outcomes were analyzed in this

study.

Surgical Technique
Dedicated thoracic anesthesiologists managed the anesthesia during

the operation. After intubation with a right-sided double-lumen endotra-

cheal tube under the bronchoscopic vision for single-lung ventilation, the

patients were placed in the right lateral decubitus position and operated

from the left side. The interlobar fissure was divided at first and then

lymph nodes station 4L, 5, 6, 7, 8, 9, and 10 were routinely dissected

for accurate staging and better exposure. The inferior pulmonary ligament

was also divided to reduce the anastomotic tension. After isolating the

distal end of the left main bronchus and the origins of the 2 lobar bronchi,

the left secondary carina was transected with macroscopically negative

margins (Figure 1, A and B). The frozen section analysis was conducted

to confirm microscopically negative margins. Additional resections were

necessary if the resected margins were positive while maintaining permis-

sive anastomotic tension, and negative margins were considered to be

achieved without pneumonectomy or carinal pneumonectomy. The recon-

struction of the left secondary carina was performed by the side-to-side

anastomosis between the upper and lower lobar bronchi with interrupted
e of the distal end of the left main bronchus (LMB) and the origins of the 2

r and lower lobar bronchi with the interrupted Vicryl sutures. D, The LMB

us Prolene 3–0 suture. LUB, Left upper lobe bronchus; LLB, left lower lobe
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FIGURE 2. The whole surgical procedure of left secondary carinal resec-

tion and reconstruction.

VIDEO 1. Left secondary carinal resection and reconstruction. Video

available at: https://www.jtcvs.org/article/S2666-2507(21)00379-5/fulltext.
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Vicryl sutures tied outside the lumen of the bronchus (Figure 1, C) and

then the anastomosis between the left main bronchus and the newly re-

constructed secondary carina using a continuous Prolene 3–0 suture

(Figure 1, D). The whole surgical procedure is depicted in Figure 2

and Video 1. Finally, the anastomosis site was carefully checked for air

leaks with an airway pressure of 30 cm water and inspected by

bronchoscopy.

Postoperative Management
After the surgery, the patients were encouraged to cough and become

ambulatory, and respiratory function training was carried out. Inhalation
198 JTCVS Techniques c August 2021
of low-flow oxygen, prophylactic use of antibiotics, aerosol, and expecto-

rant was applied. Bronchoscopy might be performed to remove excessive

secretions or check the anastomosis. The chest tube was removed when

the chest radiograph examination showed good lung expansion, no obvious

air leaks, and drainage volume<100 mL. In general, the adjuvant therapy,

including chemotherapy and radiotherapy, was administered for patients

with positive resected margins or lymph nodes about 4 to 6 weeks after

the surgery (Figure 3).

Statistical Analysis
The categorical variables were expressed as number and percent,

whereas the continuous variables were expressed as mean � standard de-

viation in a normal distribution, or median with the range in a nonnormal

distribution. Intergroup differences were compared by the Student t test

or the Mann-Whitney U test. The statistical analysis was performed using

SPSS version 26.0 software (IBM-SPSS, Inc, Armonk, NY).
RESULTS
Altogether 30 patients (20 men and 10 women) were

enrolled in this study, 26 patients from the Shanghai Chest
Hospital and 4 patients from the Padua University Hospital.
The mean agewas 42.9 years in this cohort, ranging from 16
to 67 years (Table 1). Four patients had comorbidities
before admission, including hypertension (n ¼ 2 [6.7%]),
diabetes mellitus (n ¼ 1 [3.3%]), and chronic obstructive
pulmonary disease (n ¼ 1 [3.3%]). Five patients (16.7%)
were former smokers. Obstructive pneumonia or atelectasis
were observed in the preoperative CT images of 9 patients
(30.0%) due to the intraluminal tumors. Three patients
(10.0%) received treatment before the surgery, including
chemotherapy (n ¼ 1) and endoscopic snare excision
(n ¼ 2).

The surgical characteristics are shown in Table 2. The
majority of cases (n¼ 29 [96.7%]) were performed through
left posterolateral thoracotomy, whereas 1 patient (3.3%)
received robot-assisted thoracoscopic surgery. The mean
operative time was 127.8 minutes, and the average intrao-
perative blood loss was 120.0 mL. At the final histologic ex-
amination, the tumors were found to be adenoid cystic
carcinoma (n ¼ 11 [36.7%]), mucoepidermoid carcinoma
(n ¼ 6 [20.0%]), typical carcinoid (n ¼ 8 [26.7%]),

https://www.jtcvs.org/article/S2666-2507(21)00379-5/fulltext


FIGURE 3. A and B, The preoperative and postoperative computed tomography images of patients receiving left secondary carinal resection and recon-

struction. C, The manifestation of the preoperative bronchoscopy examination. D, The resected left secondary carina.
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atypical carcinoid (n ¼ 1 [3.3%]), inflammatory myofibro-
blastic tumor (n ¼ 3 [10.0%]), and myoepithelioma (n ¼ 1
[3.3%]). The resected margins were confirmed negative in
22 patients (73.3%), whereas positive in the remaining 8
patients (1 patient with typical carcinoid and 7 patients
with adenoid cystic carcinoma), including 3 cases of iso-
lated positive proximal margins and 5 cases of simulta-
neously positive proximal and positive distal margins.
None of them had purely positive distal margins. The
mean length of bronchus resected was 2.1 cm. No signifi-
cant difference was detected when the length of the resected
bronchus was further compared between patients with nega-
tive and positive margins by the Mann-Whitney U test
(2.1 � 0.8 cm vs 2.3 � 1.2 cm; P ¼ .696). Two patients
(6.7%) had positive lymph nodes, 1 of them with adenoid
cystic carcinoma (1 lymph node in the aortopulmonary win-
dow station, station 5) and the other patient with mucoepi-
dermoid carcinoma (1 lymph node in the lower paratracheal
station, station 4L).

No operative mortality occurred and postoperative com-
plications developed in 4 patients (13.3%). Three of them
had pneumonia treated with antibiotics and physiotherapy.
Two patients experienced subcutaneous emphysema and
prolonged air leak (lasting more than 5 days). No obvious
anastomotic defects were detected by bronchoscopy,
and these patients were also treated with antibiotics and
physiotherapy without any additional intervention. The
median duration of chest tube drainage was 5 days (range,
3-9 days), and the median length of hospital stay was
7 days (range, 4-15 days). After the surgery, 9 patients
received adjuvant therapy, including chemoradiotherapy
for the 2 patients with positive lymph nodes, and radio-
therapy for the remaining 7 patients with positive resected
margins (Table 3).

DISCUSSION
Bronchoplastic procedures have been widely adopted in

the surgical treatment of different degrees of malignancies
involving the bronchus that spare the pulmonary paren-
chyma without impairing the oncological prognosis
compared with standard lung resections.14,15 Pure bronchial
sleeve resection with complete pulmonary parenchyma
JTCVS Techniques c Volume 8, Number C 199



TABLE 1. Demographic characteristics of patients receiving left

secondary carinal resection and reconstruction

Variable Overall (N ¼ 30)

Sex

Male 20 (66.7)

Female 10 (33.3)

Age (y) 42.9 � 13.3

BMI 24.8 � 2.5

Smoking history

Never smoker 25 (83.3)

Former smoker 5 (16.7)

Comorbidities

Hypertension 2 (6.7)

Diabetes mellitus 1 (3.3)

COPD 1 (3.3)

FEV1% 79.5 � 21.8

DLCO% 89.8 � 19.5

Preoperative obstructive inflammation/

atelectasis/consolidation

Yes 9 (30.0)

No 21 (70.0)

Preoperative treatment 3 (10.0)

Chemotherapy 1 (3.3)

Endoscopic treatment 2 (6.7)

Values are presented as n (%) or mean � standard deviation. BMI, Body mass index;

COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume in

1 second; DLCO, diffusing capacity of lung for carbon monoxide.

TABLE 2. Surgical characteristics and histological examination of

patients receiving left secondary carinal resection and reconstruction

Variable Overall (N ¼ 30)

Approach

Minimally invasive surgery 1 (3.3)

Open surgery 29 (96.7)

Blood loss (mL) 120.0 � 68.4

Operative time (min) 127.8 � 39.9

Tumor size (cm) 1.6 � 1.0

Histologic type

Adenoid cystic carcinoma 11 (36.7)

Mucoepidermoid carcinoma 6 (20.0)

Carcinoid 9 (30.0)

Typical 8 (26.7)

Atypical 1 (3.3)

Inflammatory myofibroblastic tumor 3 (10.0)

Myoepithelioma 1 (3.3)

Resected margin

Negative 22 (73.3)

Positive 8 (26.7)

Isolated positive proximal margin 3 (10.0)

Typical carcinoid 1 (3.3)

Adenoid cystic carcinoma 2 (6.7)

Both proximal and distal margin 5 (16.7)

Adenoid cystic carcinoma 5 (16.7)

Isolated positive distal margin 0

The length of bronchus resected (cm) 2.1 � 0.9

For negative margins 2.1 � 0.8

For positive margins* 2.3 � 1.2

Lymph nodes metastasis

Negative 28 (93.3)

Positive 2 (6.7)

Values are presented as n (%) or mean � standard deviation. *No significant differ-

ence in the length of the resected bronchus was observed between patients with nega-

tive and positive margins by Mann-Whitney U test (P ¼ .696).

TABLE 3. Postoperative results and follow-up outcomes of patients

receiving left secondary carinal resection and reconstruction

Variable Overall (N ¼ 30)

Operative complications 4 (13.3)

Subcutaneous emphysema 2 (6.7)

Prolonged Air leak 2 (6.7)

Pneumonia 3 (10.0)

Median duration of chest tube drainage (d) 5 (3-9)

Median length of hospital stay (d) 7 (4-15)

Postoperative adjuvant therapy 9 (30.0)

Radiotherapy 7 (23.3)

Chemoradiotherapy 2 (6.7)

Values are presented as n (%) or median (range).

Thoracic: Lung Cancer Chen et al
preservation is also feasible in the surgical treatment of
benign lesions or low-grade malignant tumors, such as
stenosis, disruptions after traumas, adenoid cystic
carcinoma, mucoepidermoid carcinoma, and carcinoid tu-
mors.9,11,12,16-18 For lesions located in the distal main
bronchus close to the origins of lobar bronchi, secondary
carinal resection and reconstruction has been described by
several case reports. It is technically demanding,
especially on the left side because the aortic arch and
descending aorta are in proximity to the hilum and the
left pulmonary artery is just above the left main
bronchus.19 However, due to the complexity and rarity of
left secondary carinal resection and reconstruction for
low-grade malignancies, its safety has not been well evalu-
ated yet.11,17,18

In this study, the perioperative outcomes were investi-
gated in patients who received left secondary carinal resec-
tion and reconstruction for low-grade malignancies. Among
them, only 4 patients experienced postoperative complica-
tions treated successfully with antibiotics and physio-
therapy, including subcutaneous emphysema, prolonged
air leak, and pneumonia. No operative mortality occurred.
As reported in the literature, sleeve resections are more
often associated with specific complications than standard
lung resections, such as persistent atelectasis, stenosis,
dehiscence of the anastomosis, and empyema.20-23 No
200 JTCVS Techniques c August 2021
anastomotic complications were observed in this study,
which may be explained by a limited sample size, good
patient selection, careful detection of air leaks during the
surgery, and surgeons experienced in performing complex
bronchial anastomosis.
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Positive resected margins were confirmed in 8 patients
(26.7%), whereas 7 of them were confirmed adenoid cystic
carcinomas, which are reported to have a high margin pos-
itivity.10 It has been reported that R1 resection followed by
postoperative radiotherapy is a feasible alternative for
adenoid cystic carcinomas with comparable overall survival
to R0 resection.24,25 Meanwhile, none of the 8 cases with
positive margins in this study confirmed isolated positive
distal margins and no significant difference was detected
in the length of the resected bronchus between R0 and R1
resection (P ¼ .696), revealing that extended resections
such as pneumonectomy or carinal pneumonectomy, might
be necessary to achieve negative margins in these cases.
Sometimes, R0 resection cannot be achieved even by pneu-
monectomy or carinal pneumonectomy, especially for
adenoid cystic carcinomas.10 We thus recommend left sec-
ondary carinal resection and reconstruction for low-grade
malignancies due to the fact that sparing pulmonary paren-
chyma effectively preserves a patient’s postoperative pul-
monary function.

The present study has several limitations to be acknowl-
edged. First, it was a retrospective study with inevitable
biases. Second, the sample size in this study was still
limited, although it included the cases from 2 centers.
Thus, the results might be influenced by the experience of
these centers in tracheobroncoplastic procedures. Third,
longer follow-up is recommended for better evaluation of
the therapeutic effectiveness of left secondary carinal resec-
tion and reconstruction.
CONCLUSIONS
Left secondary carinal resection and reconstruction with

total pulmonary parenchymal preservation is feasible for
well-selected and oncologically appropriate patients with
low-grade bronchial malignancies.
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