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A B S T R A C T

The ball valve effect occurs when an obstructing lesion allows inspiration of air, but opposes the
egression of exhaled air, causing gas trapping. The phenomenon is commonly described sec-
ondary to bronchial foreign body inhalation. However, it is less well reported in other disease
processes. We report a unique case of a carcinoid tumour causing ball valving following diagnos-
tic bronchoscopy in a young patient. The procedure caused swelling and oedema around an iso-
lated carcinoid tumour in the left main bronchus. An inspiratory chest X-ray was normal, compli-
cating the diagnosis. At repeat bronchoscopy the tumour was cored with LASER.

1. Background
Diagnostic flexible bronchoscopy is a commonly performed procedure. Complications include minor bleeding, transient hypox-

aemia, and pneumothorax. Post bronchoscopy chest pain is well-recognised, occurring after more than 1% of flexible bronchoscopies
[1].

We report a rare case of gas trapping secondary to the ball-valve effect due to swelling of a carcinoid tumour following elective
bronchoscopy. A literature review is performed.

2. Case report
A twenty nine year old man with a good performance status, presented to respiratory clinic with episodic shortness of breath. An

HRCT scan displayed a 2 cm endobronchial lobulated lesion in the left main bronchus (Fig. 1). The lesion was isolated with the lung
parenchyma otherwise normal.

He underwent flexible bronchoscopy via a transoral route under moderate sedation with intravenous midazolam and fentanyl. A
concentric vascular lesion was identified in the left main bronchus (Fig. 2). No other visible endobronchial lesions or stenosis were
seen. Due to a concern over potential haemorrhage, forceps biopsy was avoided. Instead cytology samples were taken by gentle brush-
ings and bronchoalveolar lavage. These were non-diagnostic. The procedure was performed without complication. However, brisk
oozing was noted from the lesion during the procedure. The patient was discharged from hospital on the same day.

Ten hours later he presented to the emergency department with a dull pleuritic, non-radiating, central chest pain. This was associ-
ated with acute shortness of breath. The pain was worse when supine. Physical examination was reassuring with normal breath
sounds throughout both lung fields. Blood tests were within normal limits.

Abbreviations: CT, computed tomography; HR, high resolution; LASER, light amplification by stimulated emission of radiation.
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Fig. 1. High Resolution CT showing a 2 cm endobronchial lesion in the left main bronchus.

Fig. 2. Bronchoscopic image of carcinoid lesion in the left main bronchus.

Inspiratory and expiratory chest X-rays were taken (Fig. 3A and B). The inspiratory film showed no abnormality. However, the ex-
piratory film showed mediastinal shift to the right. The patient was diagnosed with gas trapping secondary to the ball valve effect of
the tumour. Distal inflation of the lung was progressively pushing the mediastinum away from the site of the lesion.

The patient was referred to cardiothoracic surgery, and transferred to a tertiary centre. He underwent rigid bronchoscopy under
general anaesthetic. Using LASER, the tumour was cored with large areas vaporised. He received a follow up rigid bronchoscope six
weeks later. The patient went onto to make a full recovery. Histopathological analysis confirmed a neuroendocrine tumour.

3. Discussion
Diagnostic flexible bronchoscopy is a commonly performed procedure. Complications include minor bleeding, transient hypox-

aemia, and pneumothorax.
Infective complications are well described and require exclusion. Abscesses and empyema are reported [2]. In this case our patient

was apyrexial and had normal inflammatory markers.
Chest pain occurs after more than 1% of bronchoscopies and carries a wide differential [1]. The cause can be pulmonary or sys-

temic. Bronchoscopy represents a significant insult to the cardiovascular system. Myocardial infarction, aortic dissection require ex-
clusion. Air embolism presenting with hypotension, bradycardia, and left hemiplegia is described [3].

Iatrogenic pneumothorax is well known cause of pulmonary chest pain following bronchoscopy. The rate is higher after perform-
ing transbronchial lung biopsy or suctioning of a mucus plug [4]. Such patients can represent to the respiratory services, but many re-
main asymptomatic and hence undiagnosed. One prospective study showed of 1443 subjects undergoing interventional bronchoscopy
3.4% had a pneumothorax on routine chest X-ray. Of the 49 patients with pneumothoraxes 13 were symptomatic. Of these 10 had a
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Fig. 3A. Inspiratory film.

Fig. 3B. Expiratory film.

change in management, including chest tube placement, inpatient admission, or observation [5]. In our case, the patient had normal
breath sounds and inspiratory chest ray showed good inflation of both lungs exluding the differential.

The patient was correctly diagnosed with gas trapping secondary to oedema following a diagnostic bronchoscopy. The expiratory
film showing mediastinal shift support this diagnosis.

The tumour had behaved similarly to an obstructive foreign body, causing over inflation of the lungs, due to gas trapping. The ball
valve effect is described most commonly in relation to foreign body inhalation. It occurs when a lesion allows an inspiration of air,
however, opposes the egression of exhaled air. This results in air trapping and build up of pressure downstream from the obstruction
[6].

The same phenomenon can occur in different disease processes. Intraluminal blood clots have previously been described as a cause
of the ball valve effect, and subsequent pneumothorax [7]. Such clots can be managed by rigid bronchoscopy, in the same fashion as
foreign bodies. Endobronchial Streptokinase has also been described in the management of tracheobronchial obstruction by blood
clots [8]. Similarly, ball valving has been described in an infant secondary to a cheesy granuloma mass in the context of Mycobac-
terium Tuberculosis infection [9].
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We report a unique case of a tumour causing ball valving following bronchoscopy. The procedure had caused swelling of the lesion
in the postoperative period. This expanded the tumour until it obstructed the lumen of the left main bronchus during expiration, but
not inspiration. The case is instructive as it shows the insidious onset of ball valving. The patient was initially asymptomatic and
hence discharged. He represented after 10 hours once the gas trapping had caused enough mediastinal shift to induce chest pain, and
shortness of breath.

He was treated by repeat rigid bronchoscopy which yielded a histological diagnosis of a neuroendocrine carcinoid tumour. Such
tumours account for less than 5% of lung tumours [10], they are the most common type of pulmonary malignancy diagnosed in both
children and adolescents. Their incidence is increasing at a rate higher than that explained by increased incidental findings [11]. One
quarter of patients remain asymptomatic.

The world health organisation categorises such tumours into four subtypes. Surgery in the form of lobectomy supplemented by
dissection is the treatment of choice for localised disease. Minimally invasive endobronchial procedures have been described [12].
The benefit of chemotherapy and radiotherapy remain unclear. There is less agreement on the management of more advanced tu-
mours [13].

The prognosis in this case is unclear. A similar case of a neuroendocrine tumour managed with LASER debulking had a two year
remission before localised recurrence [14].

4. Conclusions
Bronchoscopy is a safe diagnostic modality with low complication rates. However, life threatening complications are possible and

the clinician should be competent in their diagnosis and management. Ball valving can be seen in the context of swollen neoplastic le-
sions, not just foreign bodies. Once established a ball valving lesion will cause gas trapping in the distal airway. Such cases require im-
mediate intervention. Comparison of inspiratory and expiratory films is necessary for the diagnosis of subtle gas trapping and early
mediastinal shift.
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