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Abstract
Bronchial carcinoids are slow-growing tumours of the neuroendocrine family. Most of them have a benign course with excellent
outcome after complete resection. Due to their location in the primary bronchi, adequate resection with lung preservation requires
considerable technical expertise. In this paper we present our surgical experience with endobronchial carcinoids and analyse the
factors that predict possibility of lung preservation surgery. Retrospective analysis of a prospectively maintained database of
patients operated for endobronchial carcinoids for the period March 2012 to September 2019 was carried out. Demographic
factors and peri-operative variables were recorded and analysed. Factors that influence surgical outcome and possibility of lung
preservation surgery were analysed. A total of 137 patients underwent surgery for resection of carcinoid tumours, out of which
100 had endobronchial carcinoids whereas 37 had peripheral carcinoids. The surgical procedure in 100 patients with
endobronchial carcinoids included 14 left main bronchus sleeve resections, 13 pneumonectomies (7 right sided and 6 left sided),
10 right lower and middle bi-lobectomies, 10 lobectomies (4 left upper, 2 left lower and 4 right upper), and 53 sleeve lobectomies
(18 left upper lobe sleeves, 8 left lower lobe sleeves, 20 right upper lobe sleeves, 5 right middle lobe sleeves and 2 right lower lobe
sleeve lobectomies). There was no operative mortality. Median tumour size was 3.9 cm (range 5–130 mm). On univariate
analysis, longer duration of symptoms was associated with poor surgical outcomes. On multivariate analysis, tumour in the
main bronchus, duration of disease < 3 months (p = 0.006), left-sided disease (p = 0.03), and presence of healthy distal lung
parenchyma (p < 0.001) were associated with successful lung preservation. Majority of endobronchial carcinoid tumours can be
managed with lung-sparing procedures with minimal morbidity and mortality and excellent immediate and short-term outcomes.
Early referral and experience of team performing these complex procedures are the key to success.
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Introduction

Carcinoid tumours are rare and slow-growing tumours found in
the tracheo-bronchial tree and pulmonary parenchyma. WHO
has classified them as “well differentiated neuroendocrine tu-
mours” of lung comprising of low-grade (typical carcinoids)
and intermediate-grade (atypical carcinoids) tumours [1]. We

have used the term carcinoids in this manuscript for ease of
understanding as this term is still prevalent in Indian subconti-
nent. Most of these patients present initially to the general prac-
titioners and are often misdiagnosed as asthma and tuberculosis
for many months or even years [1, 2].This is because breath-
lessness, cough, and hemoptysis, commonly seen in asthma or
tuberculosis, are the cardinal symptoms in these young patients
with carcinoid tumours also. Fortunately, due to slow growth
and minimal risk of distant metastasis, despite initial misdiag-
nosis and delayed referral, most of these patients have a good
prognosis [3]. Surgical resection with negative margins is the
treatment of choice. Lung preservation surgery such as sleeve
resection should be performed as far as possible [4]. We present
herein our experience in the management of these tumours and
an analysis of the factors affecting surgical outcome and the
possibility of lung preservation surgery.
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Material and Methods

This study is a retrospective analysis of prospectively main-
tained data of operated cases of carcinoid tumour at a tertiary
care centre in New Delhi, India, from March 2012 to
September 2019. A total of 137 patients underwent surgery
for carcinoid tumours, out of which 100 had endobronchial
carcinoids whereas 37 had peripheral carcinoids. Only pa-
tients having some endobronchial component were included
in the study. Demographic data, clinical history, preoperative,
intra-operative, and postoperative variables were recorded and
analysed. Preoperative evaluation was done with contrast-
enhanced computed tomography (CECT) of the chest to as-
sess extent of tumour, extra bronchial component of tumour,
and condition of distal lung parenchyma. Pre-operative bron-
choscopy was done to know the exact location and extent of
tumour. Pre-operative tissue biopsy was obtained in all
patients.

Surgical Details

All the procedures were performed under general anaesthesia.
Single lung ventilation was achieved with a double lumen
tube placed under bronchoscopic guidance. Patients were
placed in lateral decubitus position with involved side up.
Posterolateral thoracotomy was the surgical approach in all
patients. Intra-operative bronchoscopy was done in all the
patients to reconfirm the site of tumour and also guide in the
exact site for bronchotomy. After initial adhesiolysis, the con-
dition of the underlying lung was assessed and decision was
made about definitive procedure. If lung parenchyma was
completely destroyed, pneumonectomy was performed.
Patients with healthy lung parenchyma underwent a procedure
depending on the exact location of their tumour. The surgical
approach, followed uniformly in all patients, was to go in with
a “determination” to do lung preservation, display the tumour
site, resect minimum to get macroscopic clear margins, con-
firm the same by frozen section, and reconstruct, which in-
volved complex manoeuvres at times. Thus, the various pro-
cedures performed were as follows: in patients with tumour in
the left main bronchus and healthy distal lung parenchyma,
left main bronchus sleeve resection was performed. The pro-
cedure involved looping of the left main bronchus,
bronchotomy, resection of the involved part of main bronchus
with macroscopically negative margins, frozen section confir-
mation of microscopically negative margins, and an end-to-
end bronchial anastomosis (Fig. 1). If the tumour involved a
lobar bronchus only with clear margin from secondary carina
(left side) or main or intermedius bronchus (right side), stan-
dard lobectomy was performed (left upper, left lower, and
right upper). If the tumour in a lobar bronchus involved sec-
ondary carina with or without extension into main bronchus, a
sleeve lobectomy was performed. On the left side, this

involved resection of the involved lobe with a cuff of second-
ary carina and main bronchus (with macroscopically clear and
frozen negative margins) and re-implantation of the lobar
bronchus of the remaining lobe onto the proximal main bron-
chus (left upper and left lower sleeve lobectomies; Figs. 2 and
3). On the right side, this involved resection of right upper
lobe with sleeve of right main bronchus and an end-to-end
anastomosis between proximal right main bronchus and distal
bronchus intermedius (right upper sleeve lobectomy; Fig. 4),
or resection of right middle lobe with sleeve of bronchus
intermedius with anastomosis between lower lobar bronchus
and bronchus intermedius (right middle sleeve lobectomy;
Fig. 5) or resection of right lower lobar bronchus with bron-
chus intermedius and anastomosis between middle lobe bron-
chus and proximal bronchus intermedius (right lower sleeve
lobectomy; Fig. 6).

Basic principles of minimal circumferential dissection,
no cautery near the bronchus, delicate handling with min-
imal trauma to the cut edges, and a tension-free anasto-
mosis (with 3 0 PDS suture), maintaining correct orienta-
tion of the bronchial ends, were followed in all the anas-
tomosis. Standard mediastinal lymphadenectomy was
done in all the cases. In case of pneumonectomy, bron-
chial stump was always reinforced with pericardial fat/
intercostal muscle flap. All specimens were sent for his-
topathological examination. On table, air leak test was
done in all cases. Prior to extubating, on table bronchos-
copy was done in all patients who underwent sleeve re-
section to check luminal patency. In case of pneumonec-
tomy, single chest tube was placed and connected to un-
derwater seal bottle. In all other cases, two chest tubes
were placed and connected to Thopaz ™ digital negative
suction device. All patients were extubated on the table.
Patients were monitored overnight in recovery room and
shifted to the ward the next morning. Chest physiotherapy
was done under physiotherapist’s supervision to maintain
good lung expansion. Chest drains were removed when
there was no air leak and the drainage was non-purulent
/non-haemorrhagic and less than 2 ml/kg in 24 h. Patients
were discharged from hospital after drain removal.
Hospital stay, duration of chest tube, duration of postop-
erative air leak, wound infection, and other complications
during hospital stay were analysed. Occurrence of any
postoperative complication and/or hospital stay > 7 days
was considered poor surgical outcome. All patients were
followed up in outpatient clinic after discharge with chest
X-ray to check for status of lung expansion and any other
complication. Follow-up of our patients was done every
6th month for the first 2 years and then yearly for up to
5 years. All patients had a check bronchoscopy at
6 months and annually for 2 years thereafter. In case of
any suspicious lesion at anastomotic site at bronchoscopy,
a biopsy was performed to rule out tumour recurrence.
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Statistical Methods

Statistical testing was conducted with the statistical package
for the social science system version SPSS 17.0. Continuous
variables were presented as mean ± SD or median (IQR).

Categorical variables were expressed as frequencies and per-
centages. The comparison of normally distributed continuous
variables between the groups was performed using Student’s t
test. Nominal categorical data between the groups were com-
pared using Chi-squared test or Fisher’s exact test as

Fig. 1 Schematic representation
of LMB sleeve resection

Fig. 2 Schematic representation
of LUL sleeve lobectomy
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appropriate. Non-normal distribution continuous variables
were compared using Mann-Whitney U test. Multivariate
analysis was done using linear regression model. For all sta-
tistical tests, a p value less than 0.05 was taken to indicate a
significant difference.

Results

One hundred patients were included in the study.
Demographic variables are given in Table 1. Tumour was
originating in main bronchus or secondary carina in 27

Fig. 4 Schematic representation
of RUL sleeve lobectomy

Fig. 3 Schematic representation
of LLL sleeve lobectomy
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patients, and they underwent left main bronchus sleeve resec-
tions (14 patients—tumour in left main bronchus with healthy
lung parenchyma) or pneumonectomy (13 patients, 7 right and
6 left—all with destroyed lung parenchyma). Ten patients had
tumour in bronchus intermedius and underwent right lower

and middle bi-lobectomy. Sixty-three patients had tumour in
the lobar bronchus, with or without secondary carina or main
bronchus involvement, and they underwent lobectomy (4 left
upper, 2 left lower, and 4 right upper, i.e. total 10 lobectomy)
or sleeve lobectomy (53). These consisted of 18 left upper

Fig. 5 Schematic representation
of RML sleeve lobectomy

Fig. 6 Schematic representation
of RLL sleeve lobectomy
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sleeves, 8 left lower sleeves, 20 right upper lobe sleeves, 5
right middle lobe sleeves, and 2 right lower sleeve lobectomy.
Median tumour size was 3.9 cm (range 0.5–13 cm).

Postpathology TNM staging of these tumours revealed 87
patients in stage 1, 9 in stage 2, 4 in stage 3, and none in stage
4. In 84 patients, the histopathology was low grade (typical
carcinoid), whereas 16 patients had intermediate grade (atyp-
ical carcinoid). Median number of lymph nodes harvested was
16 (range 4–29). Nine (10.71%) out of 84 patients with low
grade (typical carcinoids) had positive lymph nodes, and 4
(25%) out of 16 patients with intermediate grade (atypical
carcinoids) had positive lymph nodes, taking total number of
patients with positive lymph nodes to 13 (13%). All our pa-
tients had an R0 resection, confirmed on table by frozen sec-
tions of the margins and postoperative histopathology status.

There was no operative mortality. The median hospital stay
was 4.5 days (range 3–15 days), and median chest tube re-
moval was at 3.5 days (range 2–11 days). Six patients had
prolonged air leak (> 7 days), 2 patients developed

bronchopleural fistula, and 2 patients developed wound infec-
tion. Median follow-up in our study was 24 months (range 6–
78 months). During follow-up, no patient developed
recurrence.

On univariate analysis, duration of symptoms > 3 months
was associated with poor surgical outcomes (p < 0.001)
(Table 2). On multivariate analysis, patients with tumour in
the main bronchus, duration of disease < 3 months (p =
0.006), left-sided disease (p = 0.03), and presence of healthy
distal lung parenchyma (p < 0.001) were associated with suc-
cessful lung preservation (Table 3).

Discussion

Carcinoids are slow-growing neoplasms presently classified
by WHO under the category of neuroendocrine tumours
(NET) [1]. Differentiation between low grade (typical) and
intermediate grade (atypical carcinoids) is by the number of
mitoses per 10 high power fields (hpf) and the presence or
absence of necrosis. An arbitrary value of 2 or less mitosis
per 10 hpf along with no necrosis has been chosen as the cut-
off for diagnosing typical carcinoid, and it correlates well with
prognosis [5]. The Ki-67 proliferation index of low grade
(typical carcinoids) is less than 2%, while that of intermediate
grade (atypical carcinoids) may go up to 20%. There is a lot
distribution overlap of Ki-67 expression between these two
subsets, and it has not been reported to help differentiate ef-
fectively between these two subtypes of well-differentiated
pulmonary carcinoids.Walts et al. highlighted the Ki-67 index
as being significantly different in typical and atypical carci-
noids, but with considerable overlap. They concluded that the
addition of the Ki-67 index to histological diagnosis does not
provide significant prognostic value [6]. Our histopathology
department started reporting this index in lung carcinoids only
from 2016; hence, we have not included it in our analysis.

The classical triad of presentation of bronchopulmonary
carcinoids is cough, haemoptysis, and pneumonia [1, 7].
Similar pattern was observed in our cases also.

A CECT chest was done in all the patients, and it is an
invaluable tool for diagnosis as well as surgical planning. To
achieve diagnosis, bronchoscopy is mandatory; however, con-
troversy still exists regarding the risks of a biopsy. It seems to
be more of a myth that biopsy of a carcinoid can lead to
uncontrollable bleeding. Recent studies by Cardillo et al. [8]
have shown that biopsy can be safely performed with minimal
morbidity. A pre-operative tissue diagnosis is important as it
helps differentiate between a typical and an atypical carcinoid.
Atypical carcinoids need workup for metastatic disease and
warrant more aggressive surgical resection. All 100 patients in
our series had a histological diagnosis before surgery.

Surgery remains the mainstay of therapy to treat carcinoid
tumours [1]. Prognosis and long-term functional outcomes

Table 1 Demography and peri-operative variables

Variable Frequency

Male 43

Female 57

Mean age 39.6

Symptoms

• Cough 36

• Hemoptysis 64

Co-morbidities

• Diabetes Mellitus 6

• Others (CAD, HTN, AF) 3

Surgical demographics

• Left main bronchus sleeve resection 14 (14%)

• Left upper sleeve lobectomy 18 (18%)

• Left lower sleeve lobectomy 8 (8%)

• Left upper lobectomy 4 (4%)

• Left lower lobectomy 2 (2%)

• Left pneumonectomy 6 (6%)

• Right upper sleeve lobectomy 20 (20%)

• Right lower sleeve lobectomy 2 (2%)

• Right middle sleeve lobectomy 5 (5%)

• Right upper lobectomy 4 (4%)

• Right lower and middle bilobectomy 10 (10%)

• Right pneumonectomy 7 (7%)

Mean hospital stay time 4.5 days

Mean ICD duration 3.5 days

Postoperative complications

• Broncho pleural fistula 2

• Surgical site infection 2

• Prolonged air leak (> 7 days) 6
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depend on the ability to achieve a microscopic negative mar-
gin [9], and at the same time preserving lung parenchyma, as
much as possible, in every single case. Each lobe is precious
and all efforts should be made to save every lobe, even if it
means doing complex resection and reconstruction.
Pneumonectomy in these young patients has long-term con-
sequences and should be avoided as far as possible [10, 11].
However, when the entire lung parenchyma is already
destroyed, pneumonectomy is unavoidable. In our series, this
was the main reason for pneumonectomy. Patients with tu-
mour in main bronchus with complete obstruction had col-
lapse of the distal lung parenchyma. Delay in referral leads
to destruction of the collapsed parenchyma and they required
pneumonectomy. As we analysed our data, we found this
group of patients to have worse outcome (as defined above).
All these patients could have had lung preservation had they
come to us in time, before lung parenchyma was destroyed. In
all other cases, lung-preserving procedures were performed. A
key lesson we learnt early in our experience was to not get
influenced by the size of endobronchial tumour as seen in CT
scan and at bronchoscopy. The extent of resection is deter-
mined not by the size of luminal component of the tumour but
by the size of the stalk of origin from bronchial wall. Many
times, tumours which look very imposing at bronchoscopy
due to huge luminal component had very small stalk of origin
and, hence, required limited bronchial wall resection.

Especially noteworthy are 14 patients who underwent left
main bronchus sleeve resection and 46 patients who underwent

left upper/left lower or right upper sleeve lobectomy, many of
whom had visited several centres and had been offered pneu-
monectomy by some in view of the tumour location.With effort
towards lung preservation as a rule rather than exception, we
could save significant lung parenchyma which often required
complex lung-preserving resection and reconstruction (Figs. 1,
2, 3, and 4). Similarly, 7 patients who underwent right middle
and right lower sleeve lobectomy would have undergone right
middle and lower bilobectomy, but had one precious lobe saved
due to complex resection and reconstruction (Figs. 5 and 6).
The role of experience of the surgical team together with strict
adherence to basic tissue handling and oncological principles
cannot be overemphasised in achieving lung preservation with
good outcomes. We ensured macroscopic clear margins on
either side of resected specimen and confirmed it by frozen
section of the margins in all cases. Such a standardised ap-
proach, when ruthlessly applied in each and every case, can
give high rate of lung preservation, R0 resection, and excellent
operative and short-term outcomes.

There are several reports of complex sleeve resections be-
ing performed by thoracoscopy/VATS. Most reports suggest
feasibility and good short-term outcomes, but long-term out-
comes need to be verified [12–18]. Due to technical chal-
lenges in performing minimally invasive sleeve resection,
the learning curve is very steep [19]. One must also realise
that these reports are mainly coming from selected very high-
volume centres and the results may not be replicated uniform-
ly. Robotic-assisted sleeve resection seems to offer technical

Table 2 Univariate analysis of
factors influencing surgical
outcomes for endobronchial
carcinoids (n = 100)

Variables Poor surgical
outcomes (n = 10)

Good surgical
outcomes (n = 90)

p value

Age (mean ± SD) 36.1 ± 5.4 41.6 ± 5.2 0.4

Duration of symptoms > 3 months 8 2 < 0.001
Duration of symptoms < 3 months 2 88

Right side of disease 5 41 1.00
Left side of disease 5 49

Pre-op haemoglobin (mean ± SD) 10.2 ± 2.2 10.3 ± 1.2 0.4

Pre-op albumin (mean ± SD) 3.3 ± 1.1 3.4 ± 1.0 0.8

Italic signify significant value

Table 3 Multivariate analysis of various factors predicting lung preservation surgery in main bronchus carcinoid tumours (n = 27)

Variables Variable type β co-efficient Standard error 95% CI p value

Age Continuous 0.009 0.005 (−0.002–0.021) 0.09

Sex Dichotomous 0.107 0.112 (− 0.127–0.341) 0.351

Left side of disease Dichotomous − 0.352 0.156 (− 0.678–0.025) 0.03

Duration of symptoms (< 3 months) Continuous − 0.013 0.004 (− 0.022–0.004) 0.006

Extra-bronchial component Dichotomous 0.042 0.134 (− 0.238–0.323) 0.75

Viable lung parenchyma Dichotomous − 0.688 0.147 (− 0.99–0.38) < 0.001

Italic signify significant value
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advantage over conventional VATS [20–23]; however, this
remains controversial. In our study all the sleeve resections
were performed by open approach. Since majority of our pa-
tients were young, the anticipated difference in morbidity be-
tween minimally invasive and open technique was minimal
[24] and hence we decided for open approach in all patients.
We strongly feel that such complex resections are a technical
challenge even in open approach and that minimally invasive
approaches (video-assisted thoracic surgery with/without ro-
botic assistance) are even more demanding. Moreover, with
tuberculosis and other inflammatory pathologies being en-
demic in our country, sticky calcified lymph nodes around
the vessels and the bronchi would make matters even worse
and a mishap may lead to inadvertently more lung resection
than planned. In our opinion, in a country like ours and par-
ticularly for carcinoid tumours wherein most patients are
young, the difference in morbidity is really minimal and a
clean and relatively easier procedure which ensures lung pres-
ervation should be chosen, which in our series was the con-
ventional posterolateral thoracotomy.

On univariate analysis, duration of symptoms > 3 months
was associated with poor surgical outcomes. On multivariate
analysis of cases with main bronchial tumour, presence of left-
sided disease, duration of symptoms < 3 months, and healthy
distal lung parenchyma were associated with higher chance of
lung preservation. Higher possibility of lung preservation on
the left side is attributable to greater length of left main bron-
chus, and hence, achieving negative margins becomes easier.
Age of the patient and presence of extra-bronchial component
of the tumour did not affect the lung preservation.

Lymph node dissection remains a controversial topic.
Atypical carcinoids are known to have lymph nodemetastasis,
and a systematic lymphadenectomy seems mandatory [3, 25].
Cardillo et al. [8] have shown that long-term survival is more
dependent upon lymph node status rather than on histology
(typical/atypical) of the primary tumour. This means that it
would be prudent to do a systematic lymphadenectomy in
all carcinoid tumours or at least lymph node sampling, as there
exists a possibility of the specimen being reported postopera-
tively as atypical. We routinely perform a systematic medias-
tinal lymphadenectomy in all carcinoid tumours. In our series,
the lymph node positivity rate was 13%. This reinforces our
belief and practice that systematic mediastinal lymphadenec-
tomy should be an integral part of all operations for bronchial
carcinoids [8, 26].

Upon analysing the immediate postoperative morbidity, it
was found that the most common complication was a
prolonged air leak (> 7 days), mostly due to surface leaks from
adhesiolysis sites which happened in 6 cases and resolved
spontaneously. Broncho-pleural fistulae developed in 2 pa-
tients, both after right pneumonectomy for a bronchial tumour
with destroyed and infected lung. Both patients were managed
with window thoracostomy and they improved dramatically

postprocedure. Two patients developed wound infection,
which was managed by vacuum-assisted closure and second-
ary suturing. All other patients had uneventful recovery.

Conclusions

Majority of endobronchial carcinoid tumours can be managed
with lung-sparing surgery with minimal morbidity and mor-
tality and excellent functional outcome. Early referral and the
experience of the surgical team in complex resection and re-
construction are the key to achieve lung preservation.
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