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Abstract
Background: Right middle lobe (RML) syndrome is a recurrent or chronic obstruction
of the RML causing atelectasis of the right middle lobe due to mechanical and nonme-
chanical etiologies. The consequences of untreated RML syndrome range from chronic
cough to post-obstructive pneumonia and bronchiectasis. We report here our bronchos-
copy experience in patients with RML syndrome.
Methods: We conducted a retrospective study of adult patients who underwent bronchos-
copy for RML syndrome at Rabin Medical Center from 2008 through 2022. Demographic
data and medical history, bronchoscopy findings and procedures, and follow-up results
were collected.
Results: A total of 66 patients (57.6% male, mean age 63 ± 13 years) underwent bron-
choscopy for RML syndrome during the study period. Bronchoscopy revealed a
mechanical etiology in 49 (74.2%) cases, including endobronchial mass (21, 31.8%)
and external compression (7, 10.6%). Malignancy was identified in 20 (30.3%) cases.
In 62 patients (93.9%), the bronchoscopy resulted in partial or complete reopening of
the RML bronchus. The therapeutic bronchoscopic procedures were balloon dilatation
(19), laser ablation (17), mechanical debridement (12), endobronchial stent insertion
(11), and cryoablation (6).
Conclusions: Malignancy was identified as the etiology of RML syndrome in approxi-
mately 25% of cases, suggesting bronchoscopy should be performed in every case of
RML atelectasis. To our knowledge, this is the first reported series of endobronchial
stenting of the RML bronchus in the context of RML syndrome.
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INTRODUCTION

Right middle lobe (RML) syndrome was first described in
1948 as chronic or recurrent atelectasis of the middle lobe of
the right lung due to enlarged lobar lymph nodes secondary to
tuberculosis infection.1 Subsequently, the etiology of RML syn-
drome has been divided into mechanical and nonmechanical
causes. Mechanical obstruction of the RML can be caused by
various endobronchial lesions including malignancy, foreign

body, mucus plug, or hilar lymphadenopathy leading to
extrinsic compression.2 Nonmechanical causes of RML
syndrome are associated with underlying inflammatory3 or
infectious4,5 processes and are less well understood, often
considered cryptogenic.

Clinical presentation of RML syndrome ranges from
chronic cough and dyspnea to hemoptysis, fever, and weight
loss.6 The consequences of untreated RML syndrome can
vary in severity, from recurrent hemoptysis secondary to
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bronchiectasis, post-obstructive pneumonia and, in the con-
text of malignancy, delay in treatment of the underlying
malignant disease.

Chest radiography can assist in diagnosis in the presence
of volume loss or collapse of the RML (see Figure 1a); however,
x-ray imaging can be nondiagnostic. Therefore, chest com-
puted tomography (CT) is mandatory for the diagnosis of
RML syndrome. The appropriate treatment depends on the
underlying etiology and may consist of mechanical opening of
right middle orifice stenosis with bronchoscopy techniques,
antibiotic treatment of microbial organism isolated from

cultures or anti-inflammatory medication such as corticoste-
roids for inflammatory disease. Despite appropriate treatment,
however, a small subset of patients may ultimately require sur-
gical right middle lobectomy.7 Patients with malignant cause
can either undergo upfront surgery during the early stages with
or without neoadjuvant/adjuvant therapy or be referred for
endoscopic intervention until the effects of chemo-, immuno-,
or radiotherapy take hold.

The aim of this study was to report our 14-year experi-
ence with the use of bronchoscopy for the evaluation and
management of RML syndrome.

F I G U R E 1 Treatment of right middle lobe (RML)
obstruction with endobronchial stenting. (a–e) A 62-year-old
man with a history of oropharynx cancer and pulmonary
metastases treated with surgery and radiotherapy presented
5 years later with post-obstructive RML pneumonia (black
arrow on x-ray and computed tomography [CT] scan, a, b).
Bronchoscopy revealed a mass (black arrow, c) that obstructed
the lobar orifice and airways covered by necrotic tissue (d). The
stenosis remained severe even after the mass and necrotic tissue
were removed, and eventually required insertion of an
endobronchial stent (black arrow, e). (f–h) A 56-year-old
woman presented with RML atelectasis caused by severe
stenosis (f) of idiopathic origin. Treatment consisted of
endobronchial stent (black arrow) insertion, with full lobe
opening (g). On follow-up bronchoscopy 8 years later, the stent
was almost completely covered by endothelial tissue (h). Note
the proximal end of the metal mesh (black arrow). The five-
pointed star indicates the carina between the RML and right
lower lobe orifices. The four-pointed star denotes the RML
orifice.
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METHODS

The electronic database of a tertiary university center (Rabin
Medical Center) was retrospectively searched for all adult
patients diagnosed with RML syndrome who underwent
flexible bronchoscopy study from 2008 through 2022. The
following data were collected: demographics, medical his-
tory, bronchoscopy findings, pathology reports, and follow-
up results. The study was approved by the institutional
ethics board (RMC# 0035-23). Descriptive statistics were
used for analysis. Continuous variables are summarized by
mean and standard deviation, and categorical variables,
by number and percentage.

RESULTS

The cohort consisted of 66 patients, 38 male (57.6%), and
28 females, of mean age 63 years (SD ± 13). Table 1 presents
the demographic data. A total of 32 (48.5%) patients had a
history of tobacco use, and 20 (30.3%) of all patients had
known malignant disease prior to the bronchoscopy: lung
cancer in seven and tumor of nonpulmonary origin in 13.
Chest CT findings included bronchiectasis, bronchiolitis,
atelectasis with or without obstructive pneumonia, and
abscess, as well as hilar adenopathy or endobronchial mass2

(see Figures 1b and 2a,b,e,i). The indications for bronchos-
copy were atelectasis in 26 patients (39.4%), airway obstruc-
tion in 16 (24.2%), lung mass in 12 (18.2%), cough in four
(6.1%), recurrent RML pneumonia in two (3%), mainte-
nance of non-RML endobronchial stent in three (4.5%), and
other in three (4.5%).

Bronchoscopy identified mechanical causes of RML syn-
drome in 49 cases (74.2%). Table 2 presents the broncho-
scopic findings. The more prevalent were endobronchial
mass in 21 patients (31.8%), and bronchial stenosis in
17 (25.8%), followed by external compression in seven
(10.6%). One patient (1.5%) had enlarged lymph nodes that
led to external compression of RML bronchus and was posi-
tive for malignancy.

Bronchoscopy succeeded in partial or complete reopening
of the RML bronchus in the vast majority of patients
(62, 93.9%), with only four cases (6.1%) remaining
obstructed, including two cases with distal obstruction
beyond endoscopic reach. Table 3 presents the types of thera-
peutic bronchoscopic procedures applied, including balloon
dilatation in 19 patients (28.4% of all interventional proce-
dures in first endoscopy), laser ablation in 17 (25%), mechan-
ical debridement in 12 (18%) cryoablation in six (9%) and
endobronchial stents in four (6%).

Complications were similar to those expected for any
bronchoscopic biopsy procedures: mild hemoptysis in four
patients (6.1%), pneumothorax requiring chest tube in
four (6.1%) and one case of transient brain air emboli which
resolved spontaneously without any clinical sequelae.

All patients underwent biopsy study. The pathology
results are shown in Table 4. Malignancy was identified as
the cause of RML syndrome in 20 cases (30.3%), of whom
14 had lung cancer. In eight cases (40% of cancer diagnoses)
the malignant disease was already known prior to the bron-
choscopy: two patients with non-small cell lung cancer, one
with small cell lung cancer, two with colorectal cancers, and
one patient each with lymphoma, breast cancer, and pancre-
atic cancer. In terms of nonmechanical etiologies, pathology
results identified various inflammatory conditions, including
sarcoidosis, amyloidosis, and fungal infections.

The follow-up period ranged from 1 week to 11.6 years
(median 1 year). A total of 20 patients (30.3%) required
additional intervention in subsequent bronchoscopies dur-
ing the follow-up period, on average 180 days after the first
bronchoscopy. One additional procedure was sufficient in
12 patients (18.2%) and 2–5 procedures were necessary
in eight patients to achieve satisfactory results. The interven-
tions were balloon dilatation in 14 patients (36% of all addi-
tional procedures), laser photoresection in 12 patients
(31%), and endobronchial stent in seven patients (18%) who
did not receive a stent during the first procedure (Figure 3).
Two patients with carcinoid tumor (10% of all malignant
cases) underwent lobectomy, while other 18 patients (90%)
with malignant disease were not fit for surgery due to locally
advanced disease with unsuitable anatomy or advanced
(metastatic) form. They received radio-, chemo-, or immu-
notherapy along with endoscopic follow-up.

Figures 1 and 2 describe the pre- and post-procedural
endobronchial findings and management of RML syndrome
in six representative cases.

DISCUSSION

Our experience with RML syndrome supports the use of
bronchoscopy as a safe and effective tool for management
of the obstruction. Partial or complete resolution was
achieved in more than 90% of patients. Approximately 30%
of our cohort underwent at least two bronchoscopies, point-
ing to the importance of post-bronchoscopy surveillance for
durable results.

T A B L E 1 Demographics and baseline characteristics of 66 patients
with RML syndrome.

Characteristics Value

Sex, n (%)

Men 38 (57.6)

Women 28 (42.4)

Age (years), mean ± SD 63 ± 13

Malignancy history, n (%) 20 (30.3)

Lung cancer 7 (35.0)

Other 13 (65.0)

Lung transplant history, n (%) 6 (9.1)

Smoking history, n (%) 32 (48.5%)

Abbreviation: RML, right middle lobe.
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In select cases in which balloon dilatation, laser
photoresection, or mechanical debridement did not resolve
the obstruction, we applied endobronchial stenting, either
during the initial or a subsequent bronchoscopy procedure.

All results were satisfactory. Stenting for RML syndrome was
recently described by Gubin et al.8 in a single patient case
report. In our cohort, RML obstruction was successfully
resolved in 11 patients by endoscopic stent insertion.

F I G U R E 2 Presentation and management of right middle lobe (RML) syndrome. (a–c) A 67-year-old man with a history of colon cancer presented with
RML atelectasis (white arrow) on (a) sagittal (b) on axial computed tomography (CT) scan. Bronchoscopy revealed obstruction of the RML orifice by an
endobronchial mass (black arrow, c), subsequently identified as colon cancer metastasis. (d) A 54-year-old man presented with infiltrated yellowish walls of
the right bronchus intermedius caused by amyloidosis, resulting in RML stenosis. (e, h) A 51-year-old man presented with RML atelectasis (white arrow) on
CT scan (e) due to severe bronchial stenosis (black arrow, f). Treatment consisted of balloon dilatation (g), with good results. Note the open RML orifice after
the balloon procedure (h). Biopsy showed chronic inflammation of unknown origin. (i–l) A 64-year-old with chronic obstructive pulmonary disease and
RML atelectasis (white arrow, i), caused by previously inserted endobronchial valves (red circle) for persistent air leak pneumothorax. Note the endobronchial
valve (black arrow) in the RML orifice (j), extracted endobronchial valves (k), and resolution of the atelectasis on the follow-up CT-scan (l). The white star
indicates the carina between RML and right lower lobe orifices.
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Biopsies obtained during bronchoscopy play a pivotal role
in determining etiology. The presence of an endobronchial
mass or extrinsic compression does not necessarily favor a
malignant etiology, as these findings can be explained by
other inflammatory (organizing pneumonia, sarcoidosis),
infectious (fungal), or benign (lipoma, hamartoma, foreign
body) processes. In the present study, in line with prior
reports,9 airway obstruction secondary to lung malignancy
was the cause of RML syndrome in approximately one-fourth
of cases. In contrast, inflammation accounted for only 13% of
findings compared to 47% in a retrospective review from

1983 by Wagner and Johnston.10 Improvements in diagnostic
tools and techniques in the interim 40 years may account for
the discrepancy.

We found that bronchoscopy was relatively safe for the
management of RML syndrome. The types and number of
complications were comparable to those reported for other

T A B L E 2 Bronchoscopic findings in 66 patients with RML syndrome.

Endoscopic finding Number of patientsa

RML stenosis 28

Severe stenosis 6

Complete obstruction 6

Endobronchial mass 21

Purulent secretions 11

External compression 7

Anthracotic fibrosis 2

Previous inserted stent, valves 2

Tracheomalacia 1

Mucoid impaction 1

Cartilage protrusion 1

Foreign body 1

Abbreviation: RML, right middle lobe.
aSome patients had multiple findings.

T A B L E 3 Procedures during bronchoscopy in 66 patients with RML
syndrome.

Procedure Number of patientsa

Therapeutic

Balloon dilatation 19

Laser photoresection 17

Suction and other mechanical debridement 12

Endobronchial stent insertion

At initial bronchoscopy 4

During follow-up 7

Cryoablation 6

Removal of endobronchial valves, foreign body 2

Biopsy

Endobronchial biopsy 44

Transbronchial biopsy 9

EBUS 5

Wang needle biopsy 3

Brushing 1

Abbreviations: EBUS, endobronchial ultrasound; RML, right middle lobe.
aSome patients were treated with several techniques. Two patients were not treated
due to distal obstruction beyond endoscopic reach.

TAB L E 4 Pathological diagnosis in 66 patients with RML syndrome.

Diagnosis Patients, n (%)

Normal lung tissuea 26 (39.4)

Benign tumor 2 (3.0)

Lung origin (hamartoma) 1

Other (lipoma) 1

Malignant tumor 20 (30.3)

Lung origin 14

NSCLC 7

SCLC 2

Carcinoid 5

Metastatic disease 6

Colorectal 2

Breast 2

Sarcomatoid carcinoma of unknown primary 1

Metastatic adenocarcinoma of unknown primary 1

Chronic inflammationb 9 (13.6)

Amyloidosis 2 (3.0)

Sarcoidosis 2 (3.0)

Fungus infection 2 (3.0)

Aspergillus 1

Candida 1

Organizing pneumonia 1 (1.5)

Abbreviations: NSCLC, non-small cell lung cancer; RML, right middle lobe; SCLC,
small cell lung cancer.
aIn one case the diagnosis of follicular lymphoma was made by mediastinoscopy.
bIn one case the diagnosis of melanoma was made by computed tomography
(CT)-guided biopsy.
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bronchoscopic procedures involving biopsy. We did have
one case of brain air emboli which, despite the potential of
serious health consequences, resolved without any clinical
sequelae. While rare, air emboli are a known risk associated
with interventional bronchoscopy.9

The limitations of our study were its retrospective
design and single-center setting. However, to our knowl-
edge, this is the first reported series of endobronchial
stenting of the RML bronchus in the context of RML
syndrome.

In conclusion, we present the experience of a tertiary
medical center with bronchoscopy for the management of
RML syndrome and identification of its etiology. We found
bronchoscopy to be an effective and a relatively safe tool for
the management of RML syndrome. In our experience,
bronchoscopy is mandatory and plays an important role in
the diagnosis and treatment of RML syndrome. From our
perspective, endobronchial stenting has promising potential
in the management of RML syndrome.
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