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ABSTRACT 

Aims 

To critically assess whether the interventions for patients with malignant pleural effusions 

can be streamlined to ensure that patients undergo the smallest number, and most 

appropriate procedures. 

Scope 

This thesis will assess the clinical utility of each interventional step from the 2010 British 

Thoracic Society Pleural Disease guidelines by reviewing the guidelines and literature. Non-

interventional steps or data specific to non-malignant pathologies will not be critiqued.   

Results 

The research topics assessed were the utility of an initial pleural aspiration, whether factors 

affecting a successful pleurodesis could be identified and whether a new interventional 

drain could prevent displacement, thus reducing pleurodesis failure. 

In a retrospective review of 325 patients with a malignant pleural effusion, 4.3% had 

transudative biochemistry. In total 48% had positive pleural fluid cytology but this was only 

sufficient to guide management in 26%. Pleural thickening or nodularity associated with 

negative pleural fluid cytology (p<0.001 and p=0.006 respectively). In patients who 

required an aspiration for both diagnostic and therapeutic purposes, 90% of patients 

required another procedure. Non-expansile lung was associated with pleurodesis failure 

but the chest radiographs were only 24% sensitive in diagnosing this after a therapeutic 

aspiration.  

Mesothelioma was associated with pleurodesis failure and a rise in C-Reactive protein after 

talc instillation was associated with pleurodesis success but no baseline factors were 

predictive. The use of a novel interventional balloon drain did reduce the rate of chest 

drain displacement from 10.1% (standard care) to 3.9%, but this did not meet statistical 

significance.  

Conclusions 

Numerous patients could benefit from be triaged directly to a definitive pleural procedure 

as the initial intervention often does not provide relevant information. This thesis has not 

identified methods of improving the patient selection or methods of pleurodesis but there 



3 
 

are radiological features which may help guide patient selection for procedures in the 

future. Further work would be needed to ratify a more streamlined pathway.  
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1 INTRODUCTION 

1.1 THESIS RATIONALE 

The development of a malignant pleural effusion (MPE) is a common complication of 

advanced malignant disease, with an estimated incidence of more than 150,000 cases per 

year in the United States (1) and 40,000 per year in the UK (2).  Lung, breast, 

gastrointestinal and ovarian cancers along with haematological malignancies account for 

more than 80% of all MPEs (3, 4). Malignant pleural mesothelioma (MPM) is an uncommon 

cause of MPE given the relative rarity of this particular malignancy, but it is worth noting 

that a high proportion 70% of patients with MPM have an effusion at the time of diagnosis. 

MPE reflects progressive, usually metastatic and at present, incurable disease. The median 

survival following presentation with a diagnosis of MPE is reported as being between 3 and 

12 months (5) but this is a heterogenous population with lung cancer patients exhibiting 

very poor survival whereas patients with breast cancer or MPM can survive for over a year 

(6).. The presenting symptoms of MPE are often non-specific and insidious in onset; 

including dyspnoea, reduced exercise tolerance, fatigue, weight loss and cough (5).  

The incidence of cancer worldwide is increasing with a predicted rise in incidence of 47% 

over the next 20 years (7) and as around 15% of cancer sufferers develop a pleural effusion 

during the course of their disease, (8) providing the optimal and most effective 

management strategy for MPE is vital. 

Pleural procedures, both for diagnosis and management are the mainstay of investigation 

and treatment for MPE. Pleural fluid can be used to provide clues as to the aetiology of an 

effusion including confirming a pathological diagnosis of malignancy. Pleural procedures 

are also undertaken to provide relief of symptoms such as dyspnoea and include 

therapeutic pleural aspirations (where fluid is drained from the chest as a one-off 

procedure), pleurodesis (where a sclerosing agent is instilled into the chest cavity with the 

aim of obliterating the pleural space therefore preventing fluid reoccurrence) and insertion 

of an indwelling pleural catheter (IPC) for longer term drainage. More invasive surgical 

options such as surgical pleurectomy or pleuroperitoneal shunting remain available but are 

less frequently used in routine clinical practice.  All of these procedures are invasive and 

involve puncturing the pleural space to obtain fluid samples or drain the fluid to improve 

symptoms.  



20 
 

As highlighted previously, patients with MPE are in the last phase of their lives and the 

majority of interventions are undertaken to improve quality of life in their remaining days. 

It is therefore important that the burden of an intervention has the optimal chance of 

achieving its aim, whether that is diagnosis or symptomatic relief. It has also been shown to 

be important to patients to spend time at home if possible (9) and reduce the burden of 

interventions at the end of life. Patients experience pain and discomfort when undergoing 

pleural procedures (10) so it should follow that reducing the number of procedures would 

improve patient reported outcomes in this group of palliative patients. Superiority of one 

procedure over another has not been proven with regards to improvement in quality of life 

(11) but looking at the pathway as a whole may be more beneficial.  

The British Thoracic Society (BTS) produced guidelines for the management of pleural 

disease in 2010, covering the management of effusions (5, 12, 13) and pneumothorax (14), 

based on the available evidence at the time. These are extremely useful and well 

referenced guidelines but new studies and changes in practice have augmented the 

evidence base and therefore may alter the recommendations of how to manage pleural 

disease. 

There have been multiple high-quality trials in the field of pleural disease over the last 

decade examining some of the different treatment options for MPE. Trials include those 

assessing the most effective method of pleurodesis (15), the optimal strategy for IPC 

management (16, 17) and work into the assessment and relevance of non-expansile lung 

(NEL) (18). The focus has also shifted towards patient reported outcome measures 

(PROMS) as the most important outcome for pleural interventions in this patient 

population, (19) which includes assessing the impact of pleural interventions on patients 

(20), which must be taken into account when designing any future pathway.  

Another area which has significantly advanced in the last decade is the field of precision 

and personalised medicine, especially in oncology. It has become increasingly clear that 

there are genetic and phenotypic differences between cancers, even in cancers which have 

the same cell type and primary site, these subtle differences make certain cancers more 

susceptible to specific treatments (21). An example of this is identification of a mutation of 

the epidermal growth factor receptor (EGFR) in non-small cell lung cancer (NSCLC) which is 

associated with significantly greater susceptibility to tyrosine kinase inhibitors (TKI), 

increasing survival in this patient group (22). These important advances in oncological 

treatments may affect how patients with MPE are managed, both from a diagnostic and 
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treatment point of view. These advances have primarily occurred since the 2010 BTS 

pleural disease guidelines were produced and so may affect investigation and management 

options for MPE.  

The 2010 BTS guidelines for the investigation and management of pleural disease were split 

into four parts;  

• Investigation of a unilateral pleural effusion (12) 

• Management of a malignant pleural effusion (5) 

• Management of a spontaneous pneumothorax (14) 

• Management of pleural infection (13) 

Flow charts from the guidelines pertaining to MPE diagnosis and management as below. 
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Figure 1. Diagnostic algorithm from the ‘Investigation of a unilateral effusion’ guideline (12) 
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Figure 2. Treatment algorithm from the ‘Management of a malignant pleural effusion’ 

guideline (5) 
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1.1.1 Aim 

This thesis will critically appraise the guidelines relating to MPE; the investigation of a 

unilateral effusion (with a specific focus on MPE) and the guideline on the management of 

MPE. 

Although there are some areas in MPE where the evidence base has significantly altered 

since 2010, it is likely that there are many areas where few advances have been made. Both 

guidelines produced a flow chart (as above), along with a review of the evidence supporting 

each step.  

This thesis will critically appraise each guideline reviewing the rationale for each step in the 

flowchart and will assess whether additions to the evidence base or changes in practice, 

affect the validity of the previous recommendations. The specific focus of this thesis will be 

on the interventional aspects of both guidelines to ascertain whether any additional 

information could produce a more efficient pathway. A more streamlined and personalised 

pathway could reduce the burden on patients and increase the efficacy of interventions.  

With the combination of previously published literature and new research, I hope to be 

able to identify ways in which the current guidelines could be streamlined to provide the 

optimal interventional pathway for patients with MPE. 

1.2 APPRAISAL OF THE UNILATERAL EFFUSION GUIDELINES AND LITERATURE 

1.2.1 Background 

This section will provide information on MPE formation, pleural fluid tests and describe the 

interventions included in the guidelines. Explanations regarding the rationale for not 

including certain topics in the formal critique will also be provided. 

1.2.1.1 Pleural fluid formation 

It is widely accepted that pleural fluid is produced by the parietal and visceral pleura and 

absorbed primarily by the parietal pleura lymphatics in normal subjects (23). MPE fluid is 

comprised of proteins, lymphoid and myeloid immune cells and cancer cells (24). A healthy 

individual has around 0.26ml/kg of fluid within the pleural cavity which is constantly being 

secreted and reabsorbed and the pleural space has a slightly negative pressure of -3 to -5 

cm of water (25).  
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Figure 3. Diagram demonstrating pleural fluid movements through the pleural space, taken 

from Feller-Kopman and Light, Pleural Disease, NEJM, 2018 (25) 

 

A combination of hydrostatic and oncotic pressures, which drive fluid in and out of the 

pleural space, keeps the fluid at a steady volume in healthy individuals. It has also been 

shown that the lymphatics can increase the rate of reabsorption by about 20 times, 

therefore increased production alone does not account for fluid build-up (25).  The 

development of a pleural effusion occurs when there is either increased filtration or 

leakage of the pleural fluid and decreased reabsorption.  

Differentiating between a transudative and exudative effusion is pivotal in identifying the 

underlying process and therefore determining what management should be undertaken 

(treating the underlying cause where possible). The key difference between a transudative 

and exudative effusion is how the pleural fluid has accumulated.  
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A transudate is almost always associated with an imbalance of fluid or protein throughout 

the body, rather than a specific pleural pathology. It can be produced in two ways; firstly, 

from fluid overload, where the hydrostatic pressure forces the fluid out of the capillaries 

and into the extravascular space, such as in congestive cardiac failure (CCF) (26). Evidence 

from some animal models also shows pulmonary oedema can leach directly into the pleural 

space through the visceral pleura as a mechanism of fluid clearance from the lungs (27). 

Secondly, decreased oncotic pressure in the capillaries can lead to fluid being leached out 

of the vessels and again accumulating in the extravascular space; this is found in low 

albumin states such as liver failure or nephrotic syndrome.  

An exudative effusion, conversely, is usually caused by a disease localised to the pleura. 

Leakage of fluid is due to increased capillary permeability triggered by an insult such as 

infection or malignancy. In malignancy, infiltration of the parietal pleura, even on a 

microscopic level, can block the drainage of fluid leading to build up of an effusion (23). 

Studies into the mechanisms of fluid formation in these patients have shown that there are 

multiple, rather than a single pathway, implicated in effusions formation such as secretion 

of vasoactive mediators, such as vascular endothelial growth factor (VEGF) and 

angiopoietins, along with enhanced fluid production as well as increased permeability of 

capillaries (23). Research to identify specific biomarkers linked to pleural fluid production 

may lead to a better understanding of the mechanism of fluid formation.  

1.2.1.2 Pleural aspiration  

Thoracentesis (pleural aspiration) is a technique used to access the pleura with a needle, to 

remove air or fluid either for diagnostic or therapeutic purposes, or a combination. 

Diagnostic thoracentesis is commonly performed in patients who have a pleural effusion of 

unknown aetiology. Diagnostic thoracentesis is often performed with a 21G (green) needle 

and a 60ml syringe but occasionally larger volumes are taken for testing. Conventionally 

larger volumes are obtained with a bespoke kit and this is often combined with a 

therapeutic procedure. 

An important point to note when considering the pleural pathway as a whole is that an 

aspiration can be undertaken at the start of any other procedure. It is important to 

separate information that can be gleaned at the time of the procedure (visual examination 

of the fluid and point of care tests) from results which will only be available hours, up to 

weeks, later. 



27 
 

1.2.1.3 Ultrasound guidance  

A pleural aspiration is recommended to be performed under ultrasound guidance (5) when 

undertaken for a pleural effusion. Ultrasound can provide both diagnostic information and 

ensure a safer procedure if used contemporaneously. Portable ultrasound machines are 

often taken to the bedside of the patient so the effusion can be assessed in the position 

that the procedure will take place.  

In 2008, the National Patient Safety Agency reported on incidents between January 2005 

and March 2008 involving harm caused by chest drain placement, and revealed 12 episodes 

which lead to death of the patient (28). A large body of evidence has now shown that 

complications can be reduced with the use of thoracic ultrasound for fluid drainage 

procedures (29-31). Perhaps the most important study in this area asked a group of 

clinicians to identify a safe site for aspiration in patients with a pleural effusion using 

clinical examination. Clinicians were only able to identify a site in 67% of patients and in 

15% of these, the site identified was inaccurate once ultrasound scanning had been 

performed (32). The use of thoracic ultrasound is associated with fewer complications such 

as pneumothoraces (33) and fewer unsuccessful aspiration attempts (34). Thoracic 

ultrasound has been shown to be especially effective in obtaining samples from small 

pleural effusions (35). A large observational cohort study reviewed 61,261 thoracentesis 

records and showed that ultrasound guidance reduced the risk of pneumothoraces by 19% 

(30). 

The evidence that supports the use of thoracic ultrasound is overwhelming in multiple 

scenarios, such as differentiating between consolidation and fluid, especially in those with 

a complete white out (36). This is due to the fact that a white out not caused by pleural 

effusion can be easily misdiagnosed on chest radiograph, or underlying abnormalities, such 

as an enlarged heart or raised hemidiaphragm, could be missed, both of which could lead 

to visceral injury if not identified prior to intervention (37). 

Physician-led thoracic ultrasound has been introduced to mainstream clinical practice over 

the past decade. A study comparing the major complication rates of respiratory physician-

led thoracic ultrasound for diagnosis and intervention in pleural disease, found that the 

rates were comparable to published literature, (38) which previously focused on thoracic 

ultrasound performed by radiologists. The overwhelming evidence of increased safety has 

led to a change in practice which was incorporated into the 2010 British Thoracic Society 

Pleural Procedures and Thoracic Ultrasound Guidelines (37).  
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There is clear evidence supporting the use of thoracic ultrasound with interventions so the 

recommendation to employ ultrasound when undertaking pleural procedures has not been 

assessed further in this thesis. 

1.2.1.4 Pleural fluid biochemistry  

Pleural fluid lactate dehydrogenase (LDH) and protein levels are used to help determine 

whether the pleural effusion is a transudate or exudate. These tests are performed in a 

laboratory and are often available within hours or days rather than being a point of care 

test so the information would not be available to alter management at the time that the 

intervention was being performed. The definition of an exudative or transudative effusion 

is determined by the mechanism that the effusion was formed (see section 1.2.1.1). The 

biochemical results discussed below help guide clinicians to the cause of the effusion, but 

these results can sometime produce an incorrect assessment of the type of effusion 

(transudative or exudative). 

In 1972, Dr Richard Light published a study producing biochemical criteria that have a high 

sensitivity and specificity for differentiating transudative from exudative effusions. The 

original criteria to diagnose a biochemically exudative effusion was one or more of a pleural 

fluid to serum protein ratio greater than 0.5, a pleural fluid LDH of greater than 200 IU and 

a pleural fluid to LDH ratio greater than 0.6 (39). The pleural fluid LDH level was later 

modified to more than two-thirds of the upper limit of the normal serum LDH level (40). 

Any one of these criteria being present, predicts an exudative effusion with a 94.7% 

accuracy (41), although the criteria have a lower specificity of 77.8% (41), so it is more 

common to misclassify a transudate as an exudate rather than vice versa. This is clinically 

important, so causes of exudative effusions, such as MPE, are less likely to be missed.  

Table 1. Light’s criteria for differentiating transudates from exudates 

Pleural Fluid Pleural fluid/serum 

ratio (protein) 

Pleural fluid/serum 

ratio (LDH) 

Pleural fluid LDH/ 

serum upper limit of 

normal  

Transudate <0.5 <0.6 <2/3  

Exudate ≥0.5 ≥0.6 ≥2/3  

  

Pleural fluid to serum albumin gradient has also been proposed as an alternative method to 

differentiate transudates from exudates created by subtracting the pleural fluid albumin 
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from the serum albumin using a value of 1.2 g/dl or less to indicate exudates and greater 

than 1.2 g/dl to indicate transudates. A study of 59 patients correctly classified 57/59 

(96.6%) (42) but later studies directly comparing to Light’s criteria (93% accurate) showed 

the albumin gradient to be inferior (87% accurate) (43). The hypothesis was that the 

albumin gradient would be more effective in some instances, for example when patients 

were taking diuretics, but this was again not borne out in the later study.  

1.2.1.5 Pleural fluid cytology 

Since MPE denotes metastatic involvement for the majority of cancers, systemic anti-

cancer treatments, rather than solely radiotherapy or surgery, are the mainstay of 

treatment.  This therefore requires pathological (either via histology or cytology) evidence 

of malignancy to ascertain the cell type and therefore the appropriate anti-cancer 

therapies.  

There are other causes for effusions in patients with malignancy such as para-malignant 

effusions (where no malignant pleural involvement is seen) or concurrent effusions (which 

may indicate the presence of other conditions requiring treatment such as heart failure). 

The clinical differentiation of these conditions is important for both prognostic and 

therapeutic reasons (1), but patients with pathologies such as heart failure (44) may have a 

similarly poor prognosis to those with MPE.  

Radiologically diagnosed malignancy (without a pathological diagnosis) does allow for 

treatment in certain situations but these are either for early-stage cancer (45) or 

treatments such as radiotherapy for symptom control (46). A pathological diagnosis is 

recommended in patients planned for curative radiotherapy for early-stage lung cancer, 

but the ESMO guidelines also recommend treatment if there is a chance of malignancy of 

85% or greater using accepted risk models when it is not safe or possible to obtain a biopsy 

of the lesion (45). The reason that pathological proof is not mandatory in this situtation is 

that radiotherapy treatments do not need a tissue diagnosis because the treatment is the 

same regardless of the subtype of cancer. Radiotherapy is not a recognised treatment of a 

pleural effusion (47) although is used for associated problems such as tumour invasion into 

the chest wall (48). 

Cytological examination of pleural fluid is normally undertaken in a laboratory and can take 

days to weeks to be reported. Rapid-onsite cytological evaluation (ROSE) is possible but is 

more commonly used in endobronchial ultrasound bronchoscopy (49) and can only confirm 
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whether malignant cells are present, rather than confirming exact cell type. Pleural fluid 

cytological examination is therefore not considered a point of care test.  

The diagnosis of MPE is based on the identification of malignant cells in the pleural fluid or 

pleural tissue but pathological confirmation is not always necessary if malignancy is 

pathologically proven elsewhere and there is no other cause for the effusion (50). In cases 

where there are no curative treatment options, these are often presumed to represent 

MPE, even when the cytological examination is negative.  

Pleural fluid tumour markers and biomarkers have been assessed for the diagnosis of MPE 

but the clinical scope for their use is limited. If there was radiological evidence supporting 

the diagnosis of MPE with a clear primary site but negative pleural fluid cytology and no 

other option for a histological diagnosis (e.g. when a lesion was inaccessible or too high risk 

to biopsy), there is a question of whether oncologists could provide anticancer treatment if 

biomarkers confirmed a diagnosis of MPE. Many tumour markers and pleural fluid 

biomarkers have been assessed to establish whether they are robust enough to provide a 

diagnosis of malignancy in patients with a cytology negative effusion.  

It is possible to identify tumour markers within pleural fluid which may be helpful in 

suggesting a malignant aetiology. CYFRA 21-1, CEA, CA 15-3, CA 19-9, CA 125 have all been 

studied for aiding the diagnosis of MPE. Porcel at al (2004) used pleural fluid levels of CEA, 

CA15-3, CA125 and CYFRA 21-1 compared patients with MPEs to those benign effusions. 

For each tumour marker they used a cut off which gave 100% specificity for MPE but a low 

sensitivity and combined the 4 markers which in combinations gave a 54% sensitivity for 

predicting malignancy. This increased to 69% in the most frequent types of 

adenocarcinoma, tumour markers were not helpful in patients with sarcomas and 

lymphomas (51).  A sensitivity of 60% with a high specificity was reproduced by 

Antonangelo who also found that CA125 levels were significantly higher in the group of 

patients with negative or suspicious cytology that were later found to have a MPE than 

those in which the aetiology of the effusion was found to be benign (52). The other tumour 

markers only showed a significant difference between those with positive cytology and 

benign effusions (52). A meta analysis of NSCLC patients found that a high levels of CEA or 

CYFRA 21-1 in the serum were associated with poorer prognosis but that larger studies 

were needed (53). Biomarkers including survivin (54), CD163+CD14+ tumour-associated 

macrophages (55), VEGF (56) and endostatin (57), among others, have been assessed and 

found to have specificities for differentiating MPE from non-MPE of between 72% (56) to 
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94% (58). With variable specificities depending on the studies and cut off values used, 

these tests are not reliable enough to be brought into clinical practice.  

The diagnosis of MPM is difficult and can be aided by certain biomarkers, which could be 

more relevant as this is a primary pleural malignancy and therefore does not denote 

metastatic disease. Mesothelial cells are present in the malignant and non-malignant 

pleural space and it is only the evidence of invasion which confirms the diagnosis of MPM 

so it is sometimes difficult to identify malignancy in this tumour type. The loss of BRCA-

associated protein 1 (BAP1) supports a diagnosis of MPM in the correct clinical context and 

has a reported specificity of up to 100% (59). Fluorescence in-situ hybridisation for 

detecting p16/CDKN2A deletion has also be shown to be helpful in differentiating MPM 

from benign mesothelial proliferation (60). The current British Thoracic Society guidelines 

still advocate a biopsy rather than pleural fluid cytology for a diagnosis of MPM (61). 

Currently, there are standard chemotherapy regimens for all subtypes MPM so a confident 

diagnosis through radiology and biomarkers could lead to oncological treatments but the 

differentiation between mesothelioma subtypes has been recognised to be important with 

different prognosis between the subtypes (61). Ongoing trials are assessing specific 

subtypes, indicating that, in the near future it will be vital to obtain an accurate histological 

classification.  

Even if MPE was confirmed by tumour markers or biomarkers, in the current climate, a 

pathological diagnosis is generally needed to determine the type of anti-cancer treatment 

needed, which significantly limits the utility of these markers. The main clinical application 

for patients with cancer would be to rule out MPE in patients who were being considered 

for radical treatment of cancer elsewhere (where the pleura was the only suspected site of 

metastatic disease). The majority of patients suitable for radical treatment are fit enough 

to undergo thoracoscopy, which is the gold standard test to rule out malignant pleural 

involvement (62). Until these markers have been proven to be more sensitive and specific 

than thoracoscopy they do not have a significant role in the malignant pleural disease 

pathway and therefore have not been assessed in this thesis.  

A significant change in oncological practice in the last decade has been produced by the 

increasing use of targeted therapies. For example, the identification of EGFR and anaplastic 

lymphoma kinase (ALK) mutations in metastatic lung cancer is associated with a good 

response to tyrosine kinase inhibitors even in advanced NSCLC (22). In patients with breast 

cancer, tamoxifen is a common treatment but as cancer recurrence often occurs many 
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years later the hormone receptor status of the tumour cells can change (63). Examination 

of the tumour cells from MPE can inform clinicians whether hormonal therapies, such as 

tamoxifen, are appropriate or whether more aggressive treatments are needed (63). The 

side-effects of these hormonal agents or immunotherapies are often less burdensome than 

conventional chemotherapy and they are commonly better tolerated, meaning they are 

suitable in a broader range of patients including those with poorer performance status and 

multiple co-morbidities (64). The identification of these specific mutations requires 

adequate volumes of tissue or cellular material to be available which often requires larger 

volumes of material. Tissue biopsies are likely to provide a significantly larger volume of 

malignant cells compared to cytology from cells found in the pleural fluid, which may be 

required for mutation testing (65). As personalised medicine advances and specific 

immunological or hormonal treatments become more widely available, the need for 

increasing volumes of cellular material is likely to increase.  

Cytological examination of the pleural fluid can provide a pathological diagnosis of 

malignancy, but malignant cells are only identified in around 60% of cases of MPE (66). If 

no malignant cells are identified, then further histological samples can be obtained, if 

needed, from other means. Firm histocytological diagnosis of a primary or secondary 

pleural malignancy is increasingly important for accurate prognostication and effective 

treatment, particularly with the introduction of newer targeted oncological treatments.  

1.2.1.6 Pleural fluid pH (and glucose) 

Pleural fluid pH and glucose are both point of care tests as they can be undertaken via a 

blood gas analyser and the results are available within minutes. This also allows for the 

results to be used in immediate decision making. Pleural fluid pH and glucose results are 

most important in the context of a suspected pleural infection as certain cut offs can 

determine whether chest drain insertion is required. 

In the case of suspected pleural infection, frank pus or a biochemically complicated 

parapneumonic effusion (CPPE), as defined by a pH <7.2 or glucose <3.4 mmol/L, should 

lead to a chest drain being inserted to reduce morbidity and mortality (67). A meta-analysis 

has been undertaken and shown these to be robust surrogate criteria (68) but this is only in 

cases where pleural infection is suspected. Patients with an inflammatory MPE can also 

have a pH <7.2 or glucose <3.4 mmol/L but if there is no clinical suspicion of infection then 

immediate admission for chest drain insertion is not required (69). This is why the initial 

clinical assessment of the patient is important so appropriate management can be 
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instituted. Complete drainage of a non-infected, inflammatory MPE, even with a pH <7.2 is 

not necessary, whereas in patients with suspected pleural infection, prompt drainage 

would be warranted. Low pleural pH and glucose levels can also be found in rheumatoid 

effusions, oesophageal rupture and lupus pleuritis (70). Since patients with MPE can have a 

range of different pleural fluid pH and glucose results (71), these tests do not help 

differentiate between malignant and non-malignant effusions and so will not be appraised 

further as diagnostic tools. 

1.2.1.7 Pleural fluid microbiology 

Pleural fluid is conventionally sent for gram stain, culture and sensitivity testing (12). None 

of these tests are point of care tests and the results can take up to 6 weeks for culture of 

mycobacterium tuberculosis, although it is expected that culture and sensitivities of  the 

majority of organisms would be available within a few days.  

1.2.1.8 Additional tests  

Point of care testing, using a blood gas syringe, can identify a haemothorax where the 

haematocrit is >50% of the serum value. In these cases, a large bore chest drain should be 

inserted to allow the blood to be fully drained (72). The presence of chylomicrons can 

diagnose a chylothorax, or presence of cholesterol crystals in a pseudochylothorax but in 

both these cases the fluid appears milky and so this will be suspected at the time the fluid 

is aspirated (70) and is not routinely requested unless there is a clinical suspicion of either 

pathology. There are a number of other tests which can be undertaken in the appropriate 

clinical context, e.g. adenosine deaminase in a suspected tuberculous effusion or amylase 

in suspected pancreatic disease (70). These markers are only undertaken in specific clinical 

contexts and a greater focus on these visual assessments and point of care tests would not 

help streamline the pleural pathway so have not been discussed further in this thesis. 

1.2.1.9 Computed tomography  

There is now widespread availability of computed tomography (CT) and this is a common 

early investigation when establishing the cause of a pleural effusion.  

CT is often performed prior to arranging thoracoscopy or pleural biopsies and can be 

helpful in increasing a diagnostic suspicion of malignancy or in planning areas to biopsy but 

is not sensitive enough to exclude malignancy in itself (73).  

In the diagnosis of MPE, CT features such as pleural nodularity, pleural thickening more 

than 1 cm and circumferential pleural disease are highly sensitive for the diagnosis of MPE 
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(74). A large retrospective review performed in patients who underwent a CT scan prior to 

thoracoscopy found that using the CT criteria of nodular pleural thickening, mediastinal 

pleural thickening, parietal pleural thickening greater than 1 cm and circumferential pleural 

thickening, there was a 68% sensitivity and 78% specificity in predicting malignancy (73). A 

venous phase CT chest had a sensitivity for malignancy of 61% in a recently reported study, 

which only increased to 68% in the hands of a specialist thoracic radiologist (75). 

There are ongoing trials into the use of MRI (76) and PET (77) in the investigation and 

management of malignant pleural disease but these are not used on a routine basis for the 

investigation of MPE (12). 

A degree of 3D imaging is required for a number of reasons including intervention planning, 

cancer staging and assessing oncological treatment response and therefore cannot be 

removed from the diagnostic work-up of MPE. The types or efficacy of radiological 

examinations have not been directly assessed in this thesis as they are not considered part 

of the interventional pathway. 

1.2.1.10 Thoracoscopy and video assisted thoracic surgery  

In the BTS guidelines the recommendation is to undertake an aspiration as the initial test 

and then undertake further investigations (such as thoracoscopy or a radiologically guided 

biopsy) if the results from the aspiration do not give sufficient information to plan 

treatment of the effusion (12).  

Thoracoscopy requires blunt dissection into the pleural space to allow entry of a 

thoracoscope, connected to a camera, for assessment of the pleural space. The first 

recorded case of thoracoscopy was in 1910 when Hans Christian Jacobaeus used a 

cystoscope to examine the pleural cavity. Since then the technology has become more 

advanced, although the technique has remained broadly the same (78). 

Once the pleural space has been successfully breached, a trocar with a removable centre is 

inserted. Through this channel, a thoracoscope with biopsy forceps can be introduced to 

allow biopsies to be taken or thoracoscopic poudrage to be conducted.  
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Figure 4. Semi-rigid thoracoscope (Copyright by Olympus Europa SE & Co. KG) 

 

There are some scenarios where it would not be possible to undertake a thoracoscopy. 

Thoracoscopy should not be attempted if there is an uncontrolled bleeding risk, the lung is 

completely adherent to the chest wall, in the presence of hypercapnia, severe respiratory 

distress, intractable cough or severe pulmonary hypertension. The procedure should be 

postponed for 4 weeks after a stroke or myocardial infarction as per other interventional 

procedures. Relative contraindications include large body habitus which might preclude the 

trocar from reaching the pleural space, severe cardiac or respiratory disease (78). A patient 

with the lung partially adhered to the chest wall or a heavily septated effusion may present 

difficulties when trying to enter the pleural space and, in some cases, may be more 

appropriate for a surgical approach or a radiologically guided biopsy.  

Thoracoscopy can produce a vagal response and arrythmias so care must be taken when 

considering patients with known cardiac disease. Sedation is given to all patients 

undergoing this procedure and thus those with any form of cardiac, renal or liver 

impairment may need adjustment to the medications and doses of sedation. The risks and 

benefits of proceeding in these patients and those immunocompromise should be carefully 

considered (78). The BTS guidelines recommend that patients should have reasonable 

oxygen saturations (>90%) pre procedure and that all underlying conditions should be 

optimised before the procedure is undertaken (79). 

Malignant pleural involvement is usually associated with incurable disease and 

identification at thoracoscopy could prevent patients undergoing futile treatments when 

there is a question regarding whether the pleura has undergone malignant infiltration. In 

cases of lung malignancy on CT scanning with a pleural effusion, it is almost always 
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necessary to visualise the pleura before considering undertaking curative interventions (80) 

– this relates to the modest sensitivity of both CT and cytology in the exclusion of pleural 

malignancy in such cases (73).  

The guidelines recommend either thoracoscopy, video assisted thoracic surgery (VATS) or 

percutaneous biopsies when pleural tissue is required. VATS is performed under general 

anaesthesia with a double lumen endotracheal tube which permits single lung ventilation. 

VATS can be used to perform a thoracoscopy but it is usually reserved for patients who 

have not tolerated the procedure under sedation, or in those where there is a high risk of 

complications such as bleeding or lung damage, usually due to the nature of the pleural 

space.  

The term ‘VATS’ only refers to how the pleural space is entered; the description of the 

actual surgery performed usually follows ‘VATS’ in the operative title. For example, ‘VATS 

biopsy and pleurodesis’ is the same technique as thoracoscopy with pleurodesis, whereas 

‘VATS lobectomy’ is a major operation where part of the lung is removed but still through 

ports in the chest.  

VATS allows for a greater range of procedures to be performed as complications can be 

managed in a more controlled environment if they occur. Techniques such as pleural 

abrasion, division of advanced adhesions or biopsies of the visceral pleura and diaphragm 

more commonly undertaken during VATS rather than thoracoscopy (78).  

If advanced techniques are not required, medical thoracoscopy is often preferable as it 

does not incur the risks associated with a general anaesthetic and can be performed on 

frailer patients or those with a greater burden of co-morbidities. This thesis will only 

discuss physician led thoracoscopy but much of the discussion is also relevant to VATS. 

1.2.1.11 Radiologically guided pleural biopsies 

Radiologically guided pleural biopsies are undertaken percutaneously, either under 

ultrasound or CT guidance. An area of abnormality is targeted, either in real-time or with 

contemporaneous scanning. A cutting needle is often used to obtain a core of tissue which 

can be sent for histological testing. Blind biopsies are less commonly undertaken in clinical 

practice. Terms such as percutaneous-, CT guided- and ultrasound guided biopsies are 

often used interchangeably. The key difference to thoracoscopy is that a biopsy needle is 

introduced from the skin and a core is taken which often includes a cross section of the 
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layers of the chest wall as opposed to thoracoscopy and VATS where the biopsies are taken 

from the parietal pleural layer of the chest wall.  

 

Figure 5. Percutaneous biopsy of the pleura, taken from Sconfienza et al, Radiology, 2012  

(81) 

 

  

The sections above will be referred back to in the literature review when discussing these 

techniques and tests. 
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1.2.2 Do pleural fluid results from an aspiration aid in the diagnosis of an MPE? 

Figure 6. Diagnostic algorithm from the ‘Investigation of a unilateral effusion’ guideline (12) 

 

This section aims to assess how effectively pleural fluid results aid in the diagnosis of MPE. I 

will specifically look at the cases where an MPE is suspected but also in cases where the 

diagnosis is unknown.  

A pleural aspiration is the first intervention recommended in the diagnostic pathway as 

pleural fluid is obtained which can be sent for a number of tests as described in sections 

1.2.1.4 – 1.2.1.8.  

The three steps of the flowchart highlighted are all related to the results obtained from a 

diagnostic pleural aspiration (thoracentesis). The recommendations of how to proceed 

based on the results are due to a number of factors and rationales which will be discussed 

in this section. Pleural fluid protein and LDH will be discussed as ‘pleural fluid biochemistry’ 

and gram stain, culture and sensitivity will be discussed as ‘pleural fluid microbiology’.  



39 
 

There is clear evidence that ultrasound guidance is beneficial when performing a pleural 

procedure so will not be critiqued further and comparison between the procedure of a 

pleural aspiration, thoracoscopy and radiologically guided pleural biopsies will be discussed 

in section 1.2.3.2. 

The steps from the guideline highlighted above could suggest that  

1. Patients with transudative biochemistry (see section 1.2.1.4) can be excluded from 

the investigative pathway for MPE. This assumes that the use of Light’s criteria 

accurately identifies transudative effusions and that these results effectively rule 

out the presence of an MPE. 

2. In patients with MPE, a pleural aspiration will obtain positive cytology in a large 

proportion of cases which will lead to oncological treatment without having to 

undergo any further invasive tests.  

3. There may be a yield of positive microbiological samples in patients with MPE (the 

area specifically assessed is in those where pleural infection is not already 

suspected). 

If these assumptions are correct, then undertaking an initial aspiration in all patients who 

present with an unexplained effusion is a reasonable first step.  

It is important to note that these recommendations are for the investigation of an 

undifferentiated unilateral effusion. It is possible that the authors of the guidelines would 

not have recommended sending pleural fluid for microbiological examination when MPE 

was suspected but each factor will be assessed to ensure that the most robust review of 

the evidence has occurred. 

1.2.2.1.1 Transudative pleural fluid results exclude an MPE 

The current pathway suggests that only unexplained exudative effusions require further 

investigations such as thoracoscopy despite the fact that 5% of MPE have been shown to 

be transudative in nature (82). This retrospective study from 1998 analysed the pleural 

fluid results of 171 patients with MPE and determined that 8 (4.7%) of these had 

transudative biochemistry; of these, 7 (88%) had another associated pathology such as 

renal failure, obstruction of the superior vena cava or heart failure, but one patient had no 

other associations. Even when there is an explanation for the effusion, such as heart or 

renal failure, this suggests that MPE should not be ruled out if the clinical suspicion is high, 

despite the biochemical results as it is possible to have more than one cause of an effusion 
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(44). Other studies reported rates of transudative MPE as low as 1% (83), but only cytology 

positive effusions were reviewed. The rates were up to 6.8% in patients with metastatic 

disease (84). A retrospective review of 229 patients with MPE found a rate of transudative 

effusions of 3.1% but stated that in all these patients, clinicians were suspicious of MPE 

prior to initial aspiration (85). The information which this large study does not provide is in 

how many cases of transudative effusions there was clinical suspicion, but no evidence of 

malignancy was found. This information would be needed to provide positive and negative 

predictive values to include both pleural fluid results and clinical suspicion. On the basis of 

this data, the assumption that transudative effusions never require further investigation is 

flawed and further deliberation of whether to undertaken further investigations in patients 

with transudative effusions should be considered. The possibility of a missed diagnosis 

should be weighed against the risks and burden of further investigations. 

1.2.2.1.2 Pleural fluid microbiology 

Microbiological culture is recommended in all patients with an undiagnosed pleural 

effusion but is only positive in around 20% of patients with pleural infection (86). It is 

reasonable to assume that the results would be negative in the overwhelming majority of 

patients where there is not a clinical suspicion of infection, but there is no available 

literature assessing this specific question. It is recognised that patients with MPE can 

develop pleural infection, with rates quoted around 3.7% in those with an IPC in situ (87), 

but these patients were reported to have signs and symptoms consistent with infection at 

the time, which would have led the clinician towards a different treatment pathway. The 

question of how often patients with MPE have a concurrent infection at presentation has 

not been answered.  

1.2.2.1.3 Cytology positivity  

For patients with an unexplained effusion which could be an MPE, an aspiration is often 

undertaken as the first investigation to confirm or refute the diagnosis. Positive pleural 

fluid cytology often provides the first pathological proof of malignancy in patients with 

MPE. In most cases, except primary pleural malignancy (MPM), the diagnosis of MPE also 

upstages and denotes metastatic disease.  

The studies referenced in the 2010 guidelines suggest that the rates of cytology positivity 

are around 60%. These figures are based on 4 studies from over 20 years ago and include 

485 patients with MPE. The first paper reported a rate of cytology positivity of 69/95 

(72.6%, 95% CI 63.7-81.6%) but this reduced to 50/95 (52.6%, 95% CI 42.6-62.7%)  for the 
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first aspiration alone (88) a second reported a rate of 71% (89) and a third of 162/281 

(57.6%, 95% CI 51.9-63.4%) (90). All three papers also suggested that the patients had a 

concurrent pleural biopsy which could have caused tumour cells to be leaked into the 

pleura from the biopsy area falsely elevating the diagnostic yield. The last study reported 

cytology positivity was diagnosed on the first sample in 65% of the patients who eventually 

had a positive sample (91). 

Since publication of the guidelines, studies have reported cytological yields of up to 79% in 

cases of adenocarcinoma but only 6% in cases of MPM (4). Further studies reported 

cytological yields of between 54.8% - 67.2% (66, 92) which is consistent with the previous 

evidence referenced in the guidelines. Both of these recent studies have employed 

prospective data collection and included over 1000 patients in total. 

Positive pleural fluid cytology can provide a diagnosis in around two thirds of cases, but it 

may not always be enough to guide further oncological management. Historically it was 

only necessary to test for tumour specific markers to help identify the likely primary site of 

the cancer to guide treatment, for example TTF-1 for non-squamous lung cancer (93). 

Oncology treatment guidelines previously recommended giving certain combinations of 

chemotherapy based on the primary tumour site, rather than focussing on genetic or 

phenotypic markers of the tumour cells. With the expansion of personalised oncological 

treatments which require specific immunohistochemistry and molecular testing, larger 

volumes of material are needed to perform all the relevant tests to guide treatment. The 

ability of pleural fluid cytology to provide this must be assessed in the modern field (see 

table below).  
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Table 2. Recommended predictive markers adapted from Tsim et al (94) 

 

To perform immunohistochemical and molecular studies a cell block is often formed from 

the cells collected in the pleural fluid. There are numerous papers assessing techniques to 

improve the ability of cell blocks to give definitive answers for personalised medicine (95). 

If there are insufficient volumes to undertake the wider variety of tests now needed, this 

can lead to repeated invasive biopsies and investigations. This is also reflected in the fact 

that oncological treatments are often now targeted to the molecular profile of the tumour 

cells rather than being related to the primary site, so testing for a broader range of 

mutations and genes is often necessary (96).  
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Table 3. Different tests recommended for NSCLC management. From El-Deiry et al 2019 

(96) 

 

The increasing number of tests illustrates why larger volumes of material are often needed 

to complete the required tests. It is possible that in the future techniques such as next 

generation sequencing (NGS) will allow smaller volumes to provide all the relevant 

molecular information in one test, reducing the volume needed (97) but it is not yet clear 

exactly how this will impact on clinical practice and this does not address the problem of 

patients in whom no malignant cells are identified within the pleural fluid.  

Tsim et al (2019) showed that testing was ‘incomplete’ in 47% of cytology positive effusions 

(94), suggesting that the initial aspiration will often be unhelpful in further treatment 

planning. A study of 134 patient with MPE related to lung adenocarcinoma showed that 

mutation analysis, for patients with cytology positive effusions, was complete on 71.4% of 

the 56 samples which were analysed (98). Studies focussing on the identification of specific 

mutations include EGFR in pleural fluid (99), which showed a 81.8% sensitivity when 

assessed in a cell block, or 92.3% sensitivity when using PCR to detect mutations in 

EGFR/KRAS/ALK (100).  

These studies focus on ‘actionable’ cytology, as defined by relevant predictive markers 

being tested for, but this does not account for patients who have an aspiration performed 
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for diagnosis only. In patients who would not be suitable for chemotherapy, cytology may 

be sufficient to provide a diagnosis, despite having incomplete testing for predictive 

markers. Likewise, limited cytology may identify a type of malignancy where no molecular 

testing is needed as only one type of treatment was available. Analysis is needed in a real 

world setting to assess how often positive cytology from an aspiration is sufficient to 

inform ongoing management, whether this involves oncological treatments or not. 

Tsim et al (2019) also assessed whether any pre procedure factors could predict which 

patients were likely to have incomplete pleural fluid cytology (94), as defined by inability to 

perform all predictive markers as per international guidelines. Asbestos exposure and a CT 

which was reported to be suspicious of malignancy were both found to be negatively 

correlated with cytology positivity. There is no clear mechanism which explains this finding. 

Hypotheses could include that this finding may be confounded by the high rates of MPM in 

the study population, who often exhibit malignant CT findings and have very low rates of 

cytology positive effusions. Another hypothesis would be that CT features of malignancy 

represent different types of tumours, some of which are more able to adhere to the chest 

wall and produce bulky disease compared to those which secrete tumour cells into the 

fluid, but further work is needed to investigate these findings. A limitation of the Tsim 

study is that no analysis was performed which excluded patients with MPM. One factor 

which has been associated with positive pleural fluid cytology is visceral pleural 

involvement (101, 102) but this was identified at thoracoscopy, rather than noted 

radiologically so is of less clinical utility. It is possible that visceral involvement signifies 

more widespread disease which is why there are higher rates of positive cytology, but it is 

also possible that the fluid secreted from the visceral pleura has a different composition to 

that secreted from the parietal pleura and may allow malignant cells to pass more freely. 

Radiological factors which are associated with malignancy (primary or metastatic) in the 

thorax include lymphadenopathy, pleural thickening or nodularity (103), pulmonary 

nodules or masses, lymphangitis (104) and at times, pericardial effusions (105) but there 

were no assessments in the published literature of whether they were associated with 

positive pleural fluid cytology. 

1.2.2.2 Summary  

The literature suggests that identification of transudative biochemistry does not necessarily 

rule out MPE which brings into question the utility of the pleural fluid biochemistry in 

determining whether further investigations are needed. There is little evidence addressing 
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the question of whether microbiological culture of pleural fluid identifies unexpected 

episodes of pleural infection. There is a wealth of new research into targeted treatments 

for cancer. Targeted treatments often require larger volume samples which questions the 

ability of pleural fluid cytology to provide sufficient information to guide treatment. 

This poses the question of whether an initial aspiration is the correct first investigation in 

patients who are suitable for any form of targeted oncological treatment.  

1.2.3 What factors inform the decision regarding which diagnostic procedure to 

undertake for the investigation of an MPE? 

When considering which diagnostic interventions should be undertaken and in which order, 

a number of factors are relevant. These include: 

1. What is the benefit of the intervention? e.g., likelihood of obtaining a diagnosis 

2. What are the risks of the intervention? e.g., complication rate 

3. How acceptable is the intervention to the patient? 

The ideal intervention would have a high diagnostic yield with a low complication rate and 

high acceptability to the patient.  

The three interventions discussed in this section are pleural aspiration, thoracoscopy and 

radiologically guided pleural biopsies. 
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Figure 7. Diagnostic algorithm from the ‘Investigation of a unilateral effusion’ guideline (12) 

 

1.2.3.1 Pleural aspiration – diagnostic yield 

Critical appraisal of the diagnostic accuracy of a pleural aspiration in relation to the 

accuracy in ruling in or ruling out MPE has been undertaken in section 1.2.2.1.3.  

1.2.3.1.1 Pleural aspiration - complications 

Pleural aspiration is known to have complications (106) and may not always be a quick and 

minimally invasive procedure for all patients. The risks include failure to complete the 

procedure, failure to obtain a diagnosis or give symptomatic relief, pain, bleeding requiring 

treatment, infection, organ damage, pneumothorax, lung damage and hypotension. The 
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patient should also be informed that a chest drain insertion for pneumothorax or blood 

transfusion for significant bleeding may be needed in an emergency.  

The complications reported are usually for a combination of diagnostic and therapeutic 

procedures (where up to 1.5L of fluid can be removed) as the data does not separate out 

the two procedures in the majority of studies. The process of undertaking a therapeutic 

aspiration is discussed in more detail in section 1.3.1.1. 

While there are numerous large studies assessing complications from pleural procedures 

(30, 107), these are not always prospective and include both image guided and non-guided 

procedures without standardised definitions for complications or their detection. Using 

ultrasound or CT guidance (image guided techniques) allows for real time visualisation of 

the anatomy and therefore aims to produce a lower volume of complications. Since the 

National Patient Safety Report in 2008 showed that there were increased risks in 

conducting pleural procedures without ultrasound guidance (28), the use of thoracic 

ultrasound has become mandatory in many places and could have reduced the rates of 

complications since a lot of the literature was published.  

Mercaldi et al (30) used information from a database which included data from 600 US 

hospitals to establish the rate of complications after a pleural procedure. The data was 

based on the billing procedures of the hospitals. A procedure was deemed to be ultrasound 

guided if there was a billing code for ultrasound on that day, but this assumption could be 

flawed if the ultrasound was not undertaken contemporaneously, and it would not be 

possible to establish this. A review of procedures between January 2007 and December 

2008 found 98,727 thoracentesis procedures. After exclusions there were 61,261 patients 

who had thoracentesis of which 26,838 had ultrasound guidance. Pneumothorax risk was 

3.09% in those without US guidance and 2.26% in those with guidance. No other 

complication rates were reported. 

Ault et al (2015) prospectively followed up all patients undergoing thoracentesis, for 24 

hours, in one hospital between 2001 and 2013 (107). In total, 9320 procedures were 

undertaken in 4618 patients. The reported rates of complications included 57 (0.61%) 

pneumothoraces, 10 (0.10%) re-expansion pulmonary oedema, 17 (0.18%) episodes of 

bleeding, 1 (0.01%) splenic laceration and 6 (0.06%) vasovagal episodes. These rates are 

lower than other published literature, but all procedures were undertaken by one operator 

whose experience is not representative of the majority of clinicians who undertake these 

procedures.  
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The BTS 2011 Pleural Procedures Audit, examined 1162 aspirations and reported a rate of 

organ puncture of 0.3%, pneumothorax of 1.3%, haemothorax of 1.1%, failed procedure of 

3.7% or symptomatic hypotension of 0.6% (108). One could assume that the rate of organ 

puncture may have reduced due to the standard use of thoracic ultrasound, which was only 

used contemporaneously in 69% of the patients in this audit. A study showed that the rate 

of incorrect identification of a pleural puncture site occurred in 15% of patients, where 

ultrasound could identify a safe site (32). Large retrospective series also showed a reduced 

rate of complications with the use of ultrasound guidance (31, 109).   

Organ puncture is an uncommon complication in between 0.01 - 0.6% (107, 110) with the 

widespread use of thoracic ultrasound but can have serious consequences. Significant 

lacerations to the diaphragm, liver, spleen or heart are likely to quickly result in 

haemodynamic instability and will need surgical intervention to repair. Smaller injuries may 

not have significant repercussions, as liver biopsies are regularly taken without 

consequence. The cardiac muscle is thick and strong, and thus minor cardiac injury may 

simply tamponade. Any patient in whom organ puncture is suspected should be closely 

monitored and further imaging using CT is advised.  

Re-expansion pulmonary oedema (RPO) can occur after thoracentesis but this term 

encompasses a spectrum of different presentations which range from asymptomatic 

infiltrates on chest radiography or CT (111) to life threatening hypoxia (112). The 

mechanisms which cause RPO are poorly understood but may be due to mechanical stress 

from sudden changes in pleural pressure (113). A review of the literature suggested that 

RPO occurs in 0 – 1% of patients who are undergoing drainage of a pneumothorax or 

pleural effusion (114). Patients at higher risk are those whose lung has been down for more 

than 7 days, those with larger pneumothoraces and those in which greater than 3L fluid is 

drained (114).  

Patients with RPO will usually present with a degree of hypoxia and chest radiography will 

show pulmonary infiltrates due to interstitial oedema, most commonly unilaterally on the 

ipsilateral side as the drainage, but this can be contralateral and bilateral in a small number 

of cases. The management for RPO is supportive. Treatments can include diuretics and 

nitrates, or respiratory support using non-invasive ventilation which has been shown to be 

effective in patients with severe respiratory compromise (115).  
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Hypotension is often caused by a vagal response and occurred in 3% of patients in a series 

of 129 procedures (116) but is usually transient and responds to simple manoeuvres, such 

as lying the patient flat with legs up. 

A small number of patients can experience tumour seeding along the procedural tract, but 

this is more commonly seen in patients who have had more extensive procedures, such as 

thoracoscopy (117). 

The risk of intrapleural bleeding after a thoracentesis was reported between 0.18% and 

1.3% (107, 110). The current British Thoracic Society (BTS) guidelines (37) recommend that 

non-emergency pleural procedures are only performed when the INR is <1.5, but this is 

based on one retrospective study published in 1991 which included only 217 pleural 

aspirations (118). The authors concluded that prophylactic plasma or platelet transfusions 

are not necessary in patients with mild clotting abnormalities and that a markedly elevated 

serum creatinine level was the only criteria which required closer observation. In practice 

blood products are often given pre-procedure but creatinine levels do not feature in the 

guidelines. There are risks associated with transfusions of blood products such as 

transfusion related lung injury, fluid overload and transfusion reactions which may 

outweigh the risks of performing the procedure in patients with mild coagulopathies. There 

is evidence to show that a simple thoracentesis may not require cessation of many of blood 

thinning medications and the risks associated with the cessation of these medications may 

outweigh the benefits of stopping (119).  

The Interventional Radiology Society of Europe produced guidelines in 2012 for low, 

moderate and high risk interventions (120). These guidelines classed thoracentesis as low 

risk and recommended using an INR >2 as the threshold for medical reversal. 

1.2.3.2 Thoracoscopy and radiologically guided pleural biopsies 

1.2.3.2.1 Diagnostic yield  

The guidelines referenced 5 studies regarding the accuracy of thoracoscopy for diagnosing 

malignant pleural disease. There was no relevant information in one paper (121), one did 

not have primary data (122). Menzies et al (1991) reported a sensitivity of 91% for the 

thoracoscopic diagnosis of pleural malignancy in 102 patients after failure to obtain a 

diagnosis from thoracentesis or a needle biopsy (123). There was a high rate of benign 

diagnoses 53/95 (56%) and 7 patients were lost to follow up. Canto et al (1977) reported 

129/137 (94%) sensitivity for the diagnosis of malignant pleural disease (124) but it was 
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unclear whether thoracentesis had been attempted in all patients beforehand and the 

patients only had a chest radiograph before the procedure was attempted. There was likely 

to be very different equipment to the modern day but the technique for this particular 

procedure has remained very similar, so the results are likely to be reproducible. Ferrer et 

al (2005) undertook a prospective study of 93 patients referred for thoracoscopy and 

reported a 94% sensitivity and 100% specificity for pleural malignancy (125). Three other 

studies during a similar time period reported that thoracoscopy had a diagnostic yield of 

91% - 96% (126-128). The evidence pertaining to radiologically guided biopsies was not 

reviewed in the 2010 guidelines. 

Thoracoscopy is considered the gold standard test in diagnosing pleural malignancy. A 

recent meta-analysis including 23 thoracoscopy studies showed a pooled sensitivity of 93% 

(95% CI, 91–94%) and specificity of 100% (129). These findings are concordant with the 

evidence from the 2010 guidelines. In the same meta-analysis the pool sensitivities of 

closed pleural (percutaneous) biopsies was 77% (95% CI, 75–80%) with a pooled specificity 

of 99% (129). 

The diagnostic yield of thoracoscopy has been shown to be superior to blind (Abrams), 

ultrasound guided or CT guided pleural biopsies with sensitivity for malignancy of 43% - 

59% (130, 131), 67% - 94% (132, 133) and 82% - 87% (133, 134) respectively. In addition to 

a high diagnostic yield, the macroscopic appearance of the pleura is often helpful in 

assessing the index of suspicion for malignancy. If the pleural space displays geographic 

abnormalities in a gravity dependent distribution with evidence of nodularity, this is highly 

suspicious for malignancy even in cases where biopsies are negative. 

A retrospective review of a physician-based ultrasound guided biopsy service 

demonstrated sufficient tissue for histological diagnosis in 94% of patients, with only one 

case of false negative biopsy (2%) over a median follow-up of 16 months (132). A study 

assessing the feasibility and safety of chest physicians performing ultrasound-guided 

cutting needle biopsies demonstrated a high success rate and minimal complication in 

pleural lesions of 20 mm or above (135). This technique is especially useful in patients who 

are frail and those in whom it is not possible to perform thoracoscopy due to lung tethering 

or loculated effusion. 

Where physicians are trained in ultrasound-guided pleural biopsies and thoracoscopy, it is 

possible to convert from thoracoscopy to ultrasound guided biopsy in the same sitting, if 

the former is unable to be performed. This prevents the patient having to attend for a 
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further procedure (132). With regards to guided pleural and peripheral lung biopsies, TUS is 

comparable to CT and TUS may be superior to CT in complication rates such as post-

procedure pneumothoraces (136). Ultrasound-guided pleural biopsies are therefore an 

effective and safe way of obtaining a diagnosis, especially in patients who cannot have a 

thoracoscopy, in the hands of trained physicians (137). 

A key point to note is that not all patients will be able to have biopsies taken at 

thoracoscopy due to the lesions either being in an anatomical area that is not possible to 

reach during thoracoscopy or due to significant adhesions which prevent the pleural space 

being entered. There are likewise some areas which are difficult to access percutaneously 

but easier to reach thoracoscopically so the decision regarding which procedure to 

undertake can be affected by factors other than the diagnostic yield. 

The diagnostic yield of thoracoscopy appears to be higher than that of radiologically guided 

biopsies but it may not always be possible to undertake a thoracoscopy for a number of 

different reasons (see section 1.2.1.10) and it is important to compare the complication 

rates and acceptability to patients. 

1.2.3.2.2 Complications - thoracoscopy 

The reported mortality for thoracoscopy is around 0.3% from an analysis including 4736 

cases (79). All 16 cases of mortality were when talc was instilled, and the majority of these 

used nongraded talc which is no longer used due to concerns about the development of 

adult respiratory distress syndrome.  

The BTS Thoracoscopy guidelines reported a rate of major complications of 1.8% and minor 

complications of 7.3% (79). Major complications from this review included empyema, 

haemorrhage, port site tumour growth, bronchopleural fistula, postoperative 

pneumothorax or air leak and pneumonia and minor complications included subcutaneous 

emphysema, minor haemorrhage, operative skin site infection, hypotension during 

procedure, raised temperature, atrial fibrillation. Further complications include RPO and 

mediastinal emphysema (138). 

Tumour growth was reported at the port site after thoracoscopy in between 9-16% of 

patients with mesothelioma (117) but there was no evidence that prophylactic 

radiotherapy prevented a significant number of incidents. This complication is usually 

managed with radiotherapy if the patient is symptomatic but does not always require 

treatment. 
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Intrapleural bleeding is a serious complication but with an established bleeding protocol it 

rarely causes significant morbidity and mortality. Bleeding was reported in 0.4% of patients 

in a study including 1926 patients (138), although no information was provided regarding 

whether this was major or minor bleeding. 

There will be a degree of air in the pleural space directly after a successful thoracoscopy, 

but this should quickly be expelled, as long as there is no evidence of NEL. Any patient with 

a persistently bubbling drain is likely to have an ongoing air leak which occurs in less than 

1% of patients (138). This can occur if there was any trauma to the lung during the 

procedure, but the lung may also tear due to a sudden change in pressure which causes it 

to expand too quickly and can lead to subcutaneous emphysema. 

The rates of empyema post thoracoscopy vary between 0-4% (138, 139) and are generally 

managed in the same manner as spontaneous empyemas. RPO is less common than may 

be expected despite the high volumes of fluid drained during the procedure, because air is 

entrained into the pleural cavity during the procedure, thus balancing the pressures. Rates 

have been reported of 0.1% - 2% (138, 139).  

There are minimal data reporting complication rates of combined procedures. Reddy et al 

(2015) assessed the outcomes in 30 patients who underwent thoracoscopic poudrage with 

concurrent IPC insertion and reported 2 cases of raised inflammatory markers requiring 

antibiotics within 48 hours of the procedure, one case where the IPC was replaced due to a 

loculated effusion and one patient treated with antibiotics for an empyema (140). A further 

study in 2015 reported results after the same technique was used in a combination of 

inpatients and outpatients. There were complications in 5 patients including IPC blockage, 

dislodgement, haemothorax, persistent air leak and requirement for ipsilateral aspiration 

(141). These were both small, non-randomised studies and further work would be needed 

to assess the true rates of complications. 

Complications seem to be more common in therapeutic rather than diagnostic 

thoracoscopic procedures, namely pleurodesis, but there is little data at the moment 

examining the rate of complications when thoracoscopy is combined with IPC insertion. 

One of the most recent studies (138) has an appreciably lower complication rate than older 

studies which may represent an improvement in care, but further work is needed to assess 

whether this reduction is representative of a true change.  
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1.2.3.2.3 Risks – radiologically guided biopsies 

The type of complications associated with percutaneous biopsies are similar to that of 

thoracentesis (see section 1.2.3.1.1) but the needle is inserted multiple times to obtain a 

number of biopsies which could increase the rate of complications in comparison to 

thoracentesis. Some of the complications associated with thoracoscopy such as RPO are 

not likely to occur unless fluid is drained at the same time and the instruments inserted are 

smaller, with no significant shifts in haemodynamics which would therefore suggest that 

the rate of complications would be lower with radiologically guided biopsies in comparison 

to thoracoscopy. 

A recent meta-analysis (Wei et al 2020) of 23 thoracoscopy studies reported a pooled 

complication rate of 8% (95% CI, 6–11%) which was higher than that of the 10 studies 

reporting on closed pleural biopsies which had complication rates of 5% (95% CI, 3–7%), 

p<0.001 (129). 

Metintas et al (2016) undertook a randomised prospective study comparing CT to 

ultrasound guided biopsies and reported only minor complications. There were 6 minor 

complications in the ultrasound group (75 patients) and 10 minor complications in the CT 

guided group but 7 of these between the two groups were related to pain alone (133).  

A randomised controlled trial (RCT) from the UK (Maskell et al) demonstrated no 

complication after a CT guided biopsy in the 23 patients who underwent a CT guided biopsy 

(134). 

1.2.3.3 Patient acceptability 

Psallidas et al (2017) showed that patients undergoing pleural procedures experienced an 

average pain score of 12.2mm, measured on a Visual Analogue Scale (VAS) of up to 

100mm. There was no significant difference between when a diagnostic or therapeutic 

aspiration was undertaken (10). Although the minimally clinically important change in this 

score has been reported to be 13mm(142), the value from Psallidas et al still lies within the 

confidence interval (95% CI 10 to 16 mm). These procedures were undertaken by pleural 

specialist doctors, where it could be assumed that the pain scores may be lower than 

procedures undertaken by less experienced physicians who may use a smaller volume of 

anaesthetic and have a poorer technique of infiltration, although further work would be 

needed to assess these variations.  
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Further work is needed to assess to what degree patients experience different levels of 

pain, discomfort or anxiety in relation to these diagnostic procedures, but a review of the 

current literature did not provide any relevant information.  

1.2.3.4 Conclusions on the current evidence 

The evidence suggests that thoracoscopy has the highest diagnostic yield for pleural 

malignancy (129) but, at times percutaneous biopsies are preferred due to the anatomical 

site or failure of entry to the pleural space. Likewise, at times there are sites which are not 

accessible for a percutaneous biopsy but are accessible at thoracoscopy. Both of these 

techniques have a higher diagnostic yield than pleural fluid cytology (12).  

Complication rates vary depending on the procedure (108) but the reported rates vary 

significantly across the literature as described above. Diagnostic aspiration has a lower rate 

of complications than chest drains which may be due to a smaller instrument being 

introduced (108), or may be related to a different population of patients. Risks of infection 

are likely to be higher in long term drains rather than therapeutic aspiration where the 

instrument will not remain in the chest cavity but is insufficient data to establish the true 

difference in rates of complications between multiple different procedures. With the 

introduction of thoracic ultrasound, the overall risks are likely to have significantly reduced, 

but the widespread use of ultrasound within the respiratory community has only occurred 

in the last few years, when little data had been produced so some of the larger historical 

series may overestimate the rates of complications. Conversely, most of the reports 

producing complication rates are retrospective and are likely to under-detect the true 

complication rate. 

There is evidence to show that patients experience pain and discomfort and can experience 

associated complications, even after a diagnostic pleural aspiration (110).  

These are the associated risks and disadvantages of each procedure, but they must be 

weighed against the advantages which include therapeutic relief and obtaining a diagnosis. 

Further work is needed to establish how acceptable each procedure is to patients and this 

needs to be incorporated into decision making. 

1.2.4 How does the time taken to reach a diagnosis affect the patient and the 

pathway? 

One factor which is not directly considered in this algorithm is the time it takes to reach a 

diagnosis. The time to diagnosis is a significant factor for patients. Qualitative research 



55 
 

performed in patients with cancer of unknown primary showed that patients who had to 

undergo multiple investigations before the diagnosis of malignancy was made, had high 

levels of frustration and anxiety and often reported relief when the diagnosis was made 

(143).  

Tsim et al published data on pathway times in a large pleural centre showing that the 

median time from initial outpatient appointment or emergency admission to final diagnosis 

was 30 days (IQR 20 – 53) for those with cytology negative effusions (94), compared to 13 

(IQR 9 – 17) for those with positive cytology.  There was also a median time of 14 (IQR 9 – 

17) days from GP referral to outpatient appointment or emergency admission which 

extends both pathways. Likewise, the paper does not state whether the time the diagnosis 

was made, was also the time that the last test that needed (e.g. ‘complete’ cytology was 

obtained). 

1.2.5 Summary of the investigation for unilateral effusion pathway 

The evidence suggests that the results of the biochemical tests, including Light’s criteria, 

may not materially change the investigative pathway in all patients when there is a clinical 

suspicion of malignancy. In the era of personalised medicine obtaining sufficient material to 

guide oncological management is becoming increasingly more difficult with the 

proliferation of relevant predictive marker testing and the initial aspiration may no longer 

be able to provide adequate information. All procedures (pleural aspiration, thoracoscopy 

and radiologically guided biopsies) have different diagnostic yields and a varying rate of 

complications with more work required on the acceptability of these interventions to the 

patients involved. In view of these questions, it is important to reassess the current 

diagnostic pleural pathway in the modern era.  

1.3 APPRAISAL OF THE MANAGEMENT OF MPE GUIDELINES AND LITERATURE 

1.3.1 Background 

1.3.1.1 Therapeutic aspiration 

A therapeutic aspiration is a similar procedure to a diagnostic aspiration but uses a larger 

bore needle (either a cannula or a bespoke kit) which is connected to a drainage bag or 

bottle to allow for greater volumes of fluid drainage. Samples are often taken during the 

procedure in the same manner as a diagnostic aspiration to allow for a combined 

diagnostic and therapeutic procedure. The procedure is usually undertaken as a day case 
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with complication rates discussed in section 1.2.3.1.1. It is common recommended to 

remove between 500-1500mls to provide symptomatic relief (5). 

1.3.1.2 Pleurodesis 

Historically, the most common treatment for MPE, and which has the largest evidence 

base, is chemical pleurodesis using sterile talc, although in recent years IPCs have become 

more popular.  

Pleurodesis is the artificial obliteration of the pleural space by creating multiple adhesions 

between the lung and the chest wall. The aim of pleurodesis is to prevent the accumulation 

of fluid or air in the pleural cavity. Pleurodesis is commonly undertaken to prevent re-

accumulation of MPE but can also be used to treat benign effusions and patients with 

pneumothoraces. 

Two main methods are used to apply sclerosing agents into the pleural space. The first 

method is via medical thoracoscopy after complete removal of pleural fluid. Sclerosants in 

powder form are sprayed by the use of an atomiser (a procedure termed poudrage) while 

materials that are available in liquid form are introduced through the working channel of 

the scope (144-146). The second method is instilling the pleurodesing agent through a 

chest drain. Agents are dissolved in saline and instilled through the chest drain as a 

solution/slurry after complete drainage of the thorax over one or more days (146, 147). 

The advantages of talc poudrage over thoracoscopy is that talc can be directed at all areas 

around the hemithorax, and an appropriate distribution can be visually confirmed in a dry 

pleural space. It also negates the problem of drain dislodgement or displacement which 

often prevents instillation of the talc slurry. Patients undergoing talc poudrage normally 

have a shorter hospital stay as the talc is given on the day of the procedure, rather than 

being given only after complete drainage of the pleural cavity. In patients with an 

established diagnosis of MPE, talc slurry at the bedside is generally preferred, being a less 

costly and less invasive option than undergoing a thoracoscopy.  

A meta-analysis that included 18 studies which used sterile talc for pleurodesis reported 

success rates between 76% and 82% (148). Talc pleurodesis often requires the patient to be 

hospitalised for up to a week and, for patients in who this intervention fails, further 

(inpatient and ambulatory care) procedures are needed. 

Pleurodesis occurs when the parietal and visceral pleura are in apposition and an 

inflammatory response is triggered, leading to a pleural coagulation / fibrinolysis imbalance 
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which favours the development of pleural adhesions (149). Normal mesothelial cells play a 

key role in producing mediators which aid the development of adhesions (149). Hsu et al 

(2020) completed a detailed study on the production of inflammatory cytokines and VEGF 

production after pleurodesis and found that there was significant differences between the 

increase in pro-inflammatory cytokines in those who had a successful pleurodesis 

compared to those who did not (150). Hojski et al (2015) also noted an increase in VEGF 

after chemical pleurodesis in comparison to mechanical pleurodesis (151). These studies all 

support the model of inflammation leading to pleurodesis. More recent work by Lee et al 

(2020) examined transforming growth factor β2 (TGF β2) which produces fibrosis without 

significant pleural inflammation in a rabbit model. This study demonstrated a higher 

pleurodesis rate at 7 days when TGF β2 rather than talc slurry was instilled but similar levels 

of pleural inflammation (152). Further work is needed on which pathways need to be 

activated to promote a successful pleurodesis in humans and which agents are most 

effective in initiating these biological reactions.  

There are no absolute contraindications to pleurodesis, but a number of factors must be 

considered in certain groups. Those who are systemically unwell or have high oxygen 

requirements are often not good candidates for pleurodesis. Surgical pleurodesis will often 

not be an option due to high operative risks, but there are also potential contraindications 

to chemical pleurodesis. The resulting inflammation in the pleural space can translate to a 

systemic inflammatory response; this is well tolerated in the majority of patients but, in a 

small minority of unwell patients, this response can be harmful, especially with the use of 

small particle, rather than large particle, talc (153). Talc can also cause a worsening of gas 

exchange which could be detrimental to patients who are already experiencing a degree of 

hypoxia (153).  

Previously, chest drain and pleurodesis was the only management option in many centres 

for a recurrent effusion. It was therefore important to obtain a pathological diagnosis 

before this intervention was undertaken as it was difficult to perform further diagnostic 

procedures, such as thoracoscopy if a successful pleurodesis had occurred. Likewise, it 

would be important to establish whether patients experience symptomatic benefit from 

fluid drainage before admitting a patient for up to a week for a procedure which may not 

improve their symptoms. 

Historically pleurodesis success was measured using radiological criteria such as no 

evidence of fluid recurrence on a chest radiograph (154). More recent studies use clinical 
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definitions such as lack of the need for further ipsilateral pleural procedures at 3 months 

(19). During IPC studies, draining less than 50mls of pleural fluid on 3 separate occasions, 

without radiological evidence of a significant effusion, is generally accepted as successful 

pleurodesis (16). Although radiological assessments are still incorporated when defining 

pleurodesis success, patient focused outcomes are more commonly used in primary 

endpoints of modern studies.   

Chest X-ray images after pleurodesis are non-specific and can be confused with progressive 

pleural thickening and / or malignancy. Abnormalities include pleural thickening and 

nodularity and generalised volume loss in the involved hemithorax (155). 

On chest CT, successful pleurodesis normally manifests itself as pleural thickening. In cases 

where talc had been used, areas of high attenuation in the pleura are seen (155). These 

lesions tend to be clustered around the posterior costo-phrenic recess and near the 

diaphragm, re-enforcing the idea that talc simply distributes according to gravity after 

pleural procedures (156). In patients treated with talc slurry, the high attenuation densities 

appear as clusters/nodular areas, while, in patients treated with talc poudrage, it appears 

as fine linear deposits (156). Multiloculated pleural collections are more commonly seen 

after talc pleurodesis than after other agents (155-157). 

1.3.1.3 Non-expansile (trapped) lung 

NEL is present when the lung is unable to re-expand once the pleural effusion has been 

drained, usually due to a fibrous visceral pleural peel. It is often found in longstanding 

MPEs, affecting 5 - 20% of cases (158). Historically the terms ‘trapped’ and ‘entrapped’ lung 

have been used, but both describe the same, clinically relevant, end result of a lung which 

will not fully re-expand. One describes trapped lung being caused by pleural space 

inflammation from a remote cause leading to a fibrous membrane, whereas lung 

entrapment results from active pleural malignancy, inflammation or haemothorax (159). 

Huggins et al describe trapped lung as when an inflammatory process has resolved but left 

a fibrous peel on the visceral pleural compared to entrapped lung where a more active 

process of inflammation or malignancy is causing the restriction (160). While these 

distinctions may be relevant when describing the pathophysiology of NEL the 

symptomatology and management strategies are the same and the two pathologies are 

now more often referred to as a whole, termed non-expansile or non-expandable lung. 

There are multiple ways of identifying such patients – for example, the presence of a 

hydropneumothorax on post-procedure X-ray after an otherwise uncomplicated 
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thoracentesis; the development of significant negative intrathoracic pressure or a rapid 

change in the intrapleural pressure during drainage; or the development of significant 

symptoms such as central chest pain and intractable cough during drainage (161). 

1.3.1.4 Indwelling pleural catheters 

Indwelling pleural catheters are long-term, small bore (16F) chest drains which are inserted 

into the pleural space and tunnelled under the skin. These catheters are generally used in 

the outpatient setting to drain fluid in increments, with drainage regimens (frequency and 

volume) varying according to patient need and symptoms. The drainage is performed using 

a vacuum bottle system and each drainage usually only takes a few minutes. District 

nurses, family members or the patient can be shown how to perform the drainage 

procedure. In between drainages, the pleural catheter remains under dressings to promote 

sterility and minimise inconvenience to the patient. Some patients experience pain during 

drainage of the IPC and patients often have ongoing interactions with the respiratory team 

when the IPC is in situ. 

1.3.2 Is a therapeutic aspiration a good management strategy for a patient with 

a symptomatic MPE? 

Figure 8. Treatment algorithm from the ‘Management of a malignant pleural effusion’ 

guideline (5) 

  

This guideline for the management of MPE is based on the premise that patients who are 

symptomatic should have an intervention to relieve their symptoms and that an aspiration 

of 500 – 1500 mls of pleural fluid will provide this relief.  
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1.3.2.1 Why did the guidelines suggest this step? 

Patients with symptomatic effusions should be provided with an intervention which is likely 

to give symptomatic relief.  The suggestion of draining no more than 1.5L was due to 

concerns that higher volumes of drainage could lead to an adverse outcome for the 

patient.  

At the time of the guideline, this fluid removal was necessary for all patients as undertaking 

a pleurodesis (the sole first line option  which required an admission of up to a week) 

would be inappropriate if the patient gained no symptomatic relief from fluid drainage or 

had evidence of NEL (see section 1.3.1.3). 

1.3.2.1.1 Maximum volume of aspiration 

There was only one study referenced in the guidelines to assess the recommended volume 

which should be removed during one sitting. The mean volume of fluid removed in the one 

study referenced was 1.3L but ranged from 50mls – 6.5L (162). This study used three 

different criteria to halt fluid drainage, either a pleural pressure of less than -20cm H20, 

drainage ceasing or the development of chest discomfort. Cough was not used as a reason 

to stop drainage. 3% of patients developed a pneumothorax after aspiration but there was 

no significant difference in the pneumothorax rates or volume of fluid drained between the 

group which developed symptoms and those who did not. There was also no threshold 

suggested at which drainage should cease and the discussion stated that as much fluid as 

possible should be removed. 

A number of other studies have addressed this issue more robustly. Greater than 1.5L fluid 

was removed in 87/185 (47%) of patients in one study. The only patient who developed 

clinical evidence of RPO had 1.4L fluid removed (163) but when those with radiographic 

evidence of RPO were included the median drainage of those with RPO was 2400 cc 

compared with 1420 cc in those without RPO (p=0.02). This would suggest that there may 

be a correlation, but larger numbers are needed to draw firm conclusions. This study did 

not report any association between patient symptoms and RPO. The numbers of clinically 

significant RPO are small, so large numbers of participants would be needed in any study to 

demonstrate associations with RPO which is why radiographic evidence is often used as a 

surrogate.  

A prospective study of 9320 inpatient thoracentesis procedures showed that there was a 

significantly increased rate of complications in patient who had greater than 1.5L fluid 
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aspirated (p<0.001) and the effect of fluid volume removed was significantly associated 

with the likelihood of RPO (p<0.001) (107). The protocol stated that drainage should cease 

if the patient developed cough or chest pain. There is no evidence of blinding to the 

volume of fluid obtained so an element of bias could be introduced when diagnosing 

complications, but this is a large cohort and the completion of a complication questionnaire 

helps with standardisation and reliability. Further studies with smaller numbers have 

reported no difference between draining <1L compared to >1L  but did report one instance 

of RPO after 2.6L fluid were removed (106). 

Although the majority of evidence is non-randomised and a radiological surrogate for 

clinical RPO is often used, there seems to be some credence in the hypothesis that 

removing larger volumes of fluid can be associated with a greater degree of complications. 

Although larger, prospective randomised studies would need to be conducted to provide 

more definitive evidence.   

It has been postulated that monitoring of pleural manometry could allow for larger 

volumes to be drained as the patient could be more accurately monitored and therefore 

drainage could be halted before complications arose, rather than at an arbitrary limit. Lentz 

et al (2019) produced the first randomised study in the world literature to address the 

clinical utility of pleural manometry during routine thoracentesis (164). This trial used the 

primary outcome of chest discomfort during pleural aspiration, comparing pleural 

manometry to symptom guided aspiration. Secondary outcomes included volume drained, 

procedure duration, lung re-expansion and post procedure radiograph appearance. In total 

128 patients were randomised. There were no significant differences between the groups 

in either the primary or secondary outcomes. There was a significantly higher rate of 

complications on the post-procedure chest radiographs in the control group (p=0.012), but 

these were all ex-vacuo pneumothoraces and none required any intervention. There were 

no other significant complications, and the mean drainage was less than 1.1L in both 

groups.  

The majority of studies cite onset of chest pain or cough as a reason to cease drainage 

which could confound studies which aim to assess whether both volume drained and 

presence of symptoms have an effect on the rate of complications. In patients who are 

likely to undergo multiple procedures, such as patients with MPE, it is important to be 

guided by their symptoms (primarily shortness of breath and chest pain), so it is reasonable 
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to keep this as a reason for ceasing drainage if further studies are undertaken regarding 

complication rates related to volume drained. 

1.3.2.1.2 The utility of aspiration for symptomatic control  

The guidelines do not suggest aspiration alone or chest drainage without a sclerosant as a 

definitive procedure due to high rates of recurrence of fluid. The evidence in the guidelines 

for this is often in abstract form alone and it was not possible to find some of the 

referenced articles, the data is mostly related to chest drain insertion rather than aspiration 

alone, and there are no references after the year 2000. One abstract suggested that there 

was a rate of recurrence of 0% when fluid drainage alone was utilised (165) compared with 

15% when a sclerosant was used, which is contradictory to the other studies. In a further 

paper of 30 patients who underwent drainage alone, 66% recurred within 60 days (166). 

Another study reported a success rate of pleural drainage alone of 60% (167) although also 

concluded that pleurodesis was more effective. Only 1/9 (11%) patients in the control 

group of a further study did not experience fluid recurrence after chest drain drainage 

alone (168). These studies all included small numbers with minimal information on what 

constituted fluid recurrence and when this occurred. It is also not directly applicable to 

therapeutic aspiration as it is possible that larger volumes would be removed during 

intercostal drain drainage.  

More recent work undertaken by Psallidas et al (2017) showed that 85.7% of patients 

experienced a symptomatic benefit after fluid drainage (10) and that the presence of 

septations was the only factor negatively associated with symptomatic improvement. It has 

been postulated that the presence of septations may correlate with more advanced disease 

or visceral pleural involvement. 71% of patients who had a poor symptomatic response had 

either NEL or <550mls drained due to cough or chest tightness which may also signify NEL. 

Further work into ways to predict which patients will have a poor symptomatic response to 

drainage is important for ongoing management. 

Muruganandan et al (2020) studied 145 patients undergoing a therapeutic drainage and 

reported an improvement in VAS score for dyspnoea of 28mm (20). The improvement in 

dyspnoea occurred both in patients with expansile lung and NEL.   

Argento et al (2015) enrolled a total of 320 patients in a prospective cohort study to review 

patient reported outcomes in the 30 days after thoracentesis (169). In this cohort 60.1% of 

the patients experienced a clinically significant improvement in dyspnoea but there were 

no associations between dyspnoea relief and clinical factors such as age, sex, volume of 
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fluid removed or number of co-morbidities. The analysis also only included dyspnoea relief 

scores before the procedure and 30 days after the procedure which does not account for 

patients who experience relief after the procedure but had since experienced a recurrence 

of their symptoms.  

There are no predictive scores suggesting which patients will have rapid reaccumulation of 

their pleural fluid and which will have a more gradual onset. The data would be difficult to 

collect as non-invasive assessments of fluid volume, such as ultrasound, are not used in 

widespread clinical practice and are estimates Undertaking recurrent invasive procedures 

or measuring fluid volumes via recurrent drainage from an IPC ) to assess fluid volume or 

build up also already introduces aa confounder. It would also be difficult to assess whether 

fluid reaccumulation progresses in a linear fashion and whether this was directly related to 

an increase in symptoms. Due to these complexities there is little data on this subject.  

1.3.2.1.3 Conclusions from the evidence 

The evidence suggests that the majority of patients derive symptomatic benefit from a 

large volume aspiration, but symptoms often reoccur. Draining larger volumes of fluid in 

one sitting does have a loose association with an increased risk of complications so the 

recommendation of draining a maximum of 1.5L is supported by the evidence.  Although 

there is evidence to show that fluid can reaccumulate it is not possible to predict in which 

patients this will happen quickly and in which patients it will occur more slowly. 

1.3.3 Should patients with a prognosis of less than a month not undergo 

definitive pleural management? 

Figure 9. Treatment algorithm from the ‘Management of a malignant pleural effusion’ 

guideline (5) 
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This step suggests that patients who have a predicted survival of less than one month 

should only have aspirations rather than attempting a definitive intervention, to control 

their symptoms. If the patient’s prognosis is greater than a month, definitive pleural 

intervention is likely to be needed but this assumes that clinicians are able to predict which 

patients will have a poor life expectancy.  

1.3.3.1 Why did the guidelines suggest this step? 

The guidelines were written at a time when inpatient pleurodesis was the only option in a 

number of centres. IPCs were starting to be used but the data available to the guidelines 

team was limited and the technique was not widespread at that time. An inpatient 

pleurodesis can take up to a week to perform and in patients with a life expectancy of less 

than a month, this would have been a large proportion of their remaining lifespan. Since 

the more widespread introduction of IPCs, increasing knowledge regarding duration of 

symptomatic relief after pleural procedures and a wider variety of prognostic scores, this 

recommendation needs to be re-examined. 

1.3.3.1.1 Duration of symptomatic relief after an aspiration 

The guidelines do not cite evidence proving the benefit of an aspiration in relieving 

breathless and the duration of relief which is important when asserting that patients with a 

life expectancy of less than a month should undergo recurrent aspirations. Likewise, there 

is no information on patient experience of the procedures and the risks associated with 

multiple procedures. 

A study of 64 patients with symptomatic MPE showed that reintervention within 30 days 

was necessary in 57% of patients (170) and that median time to maximal relief was 2 days. 

This study used a daily diary and showed that a rapid increase in dyspnoea after the initial 
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improvement was highly predictive of the need for a repeat intervention. Patients that had 

large volume of fluid drained were at higher risk of needing a repeat intervention (p=0.04). 

This is one of the few studies to show that there is a limited amount of time in which 

dyspnoea relief is felt after an aspiration and to have focussed on a patient reported 

outcome. 

In a cohort study 16/22 (73%), of patients with MPE who survived for greater than 30 days 

after their therapeutic aspiration, underwent a further pleural procedure within the first 30 

days (169). This figure was 28/49 (57%) in one further study (170).  

These findings suggest that an aspiration does provide relief from dyspnoea in the majority 

of patients, but symptoms often reoccur swiftly after an aspiration. Even patients with a 

very poor life expectancy may spend their remaining days with high levels of persisting 

dyspnoea which requires further intervention. 

1.3.3.1.2 Predictors of prognosis 

Identifying which patients had a short remaining life expectancy is important when 

considering pleural interventions. The only study referenced in the 2010 guidelines, which 

showed evidence that prognosis could be predicted was by Burrows et al, who concluded 

that pleural fluid pH, glucose and extent of pleural carcinomatosis score were not effective 

predictors of mortality but that a cut off of ≥70 in the Karnofsky Performance Scale (171) 

suggested that an attempt at pleurodesis would be warranted (172).  

Table 4. Karnofsky Performance Scale (171) 
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This study by Burrows et al was in a selected group who had been referred for 

thoracoscopic pleurodesis, rather than all patients with MPE who may not have been fit 

enough for thoracoscopic intervention. The conclusion also excluded patients who ended 

up having a median survival of 3.3 or 4.1 months in whom pleurodesis would be 

recommended when referencing the current guidelines (5). Treatments such as pleurodesis 

was only recommended in patients with a life expectancy greater than one month (5), to 

allow the patient to derive enough benefit to make the hospital admission worthwhile (1).  

While there have been many non-validated studies which have identified potential 

prognostic factors in MPE, only two recent publications have discovered and prospectively 

validated prognostic scores in MPE.  

The LENT score was derived using 3 prospectively collected datasets, assessing for factors 

predictive of survival in patients with MPE (173). Effusion size, ECOG performance score 

(PS), pleural fluid LDH, serum neutrophil-to-lymphocyte ratio (NLR), serum N-terminal pro-

brain natriuretic peptide (NT-proBNP) and malignant cell type were all independently 

associated with survival in this model. Four of the most clinically applicable variables were 

selected (pleural fluid LDH, ECOG PS, NLR and tumour type).  

Table 5. The LENT score (174) 

  

This score split the patients into low, moderate and high-risk groups (173). Median survival 

for the cohorts were; low 319 days (228–549; n=43), moderate 130 days (47–467; n=129) 

and high risk 44 days (22–77; n=31). In the validation cohort (n = 76) ECOG PS and NLR 

were independent predictors of survival. At 3 and 6 months the LENT score was 
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significantly better than ECOG PS alone in predicting survival (p = 0.002 and p<0.001) but 

the difference was not significant at 1 month (p=0.360).  

The PROMISE study aimed to develop a clinical prognostic score for MPE, but in addition to 

discover and validate new biological markers using cutting edge techniques in translational 

medicine, such as proteomic analysis (175). PROMISE used 5 different patient cohorts for 

discovery, validation and prospective assessment, all of which provided pleural fluid 

samples and outcome data (19, 50, 176, 177).  

Patients were stratified into poor (<3 months) and good survival (>3 months) and 

pleurodesis success or failure. From 1250 proteins, 17 biomarker candidates were 

associated with survival and 7 with pleurodesis success. Under the validation step, 4 

proteins remained significantly associated with survival but none with pleurodesis success. 

The survival associated proteins were gelsolin, versican, tissue inhibitor of 

metalloproteinases 1 (TIMP1) and macrophage migration inhibitory factor.  

Regression analysis from the clinical, radiological and biological data produced 7 variables 

for the clinical score. These including ECOG PS, previous chemotherapy and radiotherapy, 

cancer type, white blood cell count, c-reactive protein and haemoglobin for the clinical 

score with the addition of Pleural fluid TIMP1 levels for the biological score.  

Figure 10. The PROMISE score (175) 
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Stratifying into 4 categories by PROMISE score demonstrated that the lowest risk group 

(group A) had a less than 25% risk of death at 3 months, compared to the highest risk group 

(group D) who had a greater than 75% risk of death at 3 months. A nomogram was derived 

associating individual PROMISE score (from 0 to 43) and risk of death at 3 months.  

This score was externally validated using a separate cohort and produced C statistic values 

of 0·89 (95% CI 0·84-0·93) for the clinical score and 0·90 (0·84-0·93) for the biological score.  
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More recently a model developed specifically for mesothelioma (178) did not require any 

pleural fluid values to help guide prognosis but does rely on knowing the pathological 

subtype.    

Figure 11. Brims decision tree for predicting mesothelioma prognosis (178) 

 

The LENT score was the first validated score, showing significant promise in providing a tool 

to predict survival in MPE. However, over 60% of patients fell into the moderate risk group 

in both the discovery and validation cohorts, and this group had the widest range of 

survival, potentially limiting clinical applicability. The PROMISE score predicted mortality 

more effectively for the individual patient than the LENT score and is the first study to 

demonstrate a robust pleural fluid protein signal associated with survival. As such, the 

study provides a greater understanding of some of the pathways implicated in poor 

outcomes for MPE and may provide future targets. However, the PROMISE score is 

relatively complex and may not be as applicable in daily practice as LENT. Knowledge of 

likely prognosis is clearly beneficial in discussing treatment options with patients, but 

currently, assessment is still needed to establish whether these scores could be useful in 

triaging patients down different treatment pathways.  

A cohort study of patients with terminal cancer (median survival 4.1 months) concluded 

that hospital admissions and invasive procedures towards the end of life was associated 

with a poorer quality of life (179) so the benefit of pleural interventions must be weighed 

up against the negative associations of procedures and admissions.  

Identifying the patients who are nearing the end of their lives provides useful information 

for this decision making but it would be necessary to more robustly identify patients who 

will have a very short life expectancy (e.g. a small number of weeks) before the 
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inconvenience of a pleural intervention is likely to outweigh the burden of persisting 

troublesome symptoms. The decision regarding whether to undergo an intervention must 

be on an individual basis, prognosis may be a factor but there are likely to be numerous 

other factors which also factor into a patient’s decision making.  

There has been a large volume of research into prognostic scores but even if a robust score 

was validated, it would not determine which intervention should be undertaken, now there 

are an increased number of treatment options so these scores have not been examined 

further in this thesis.  

1.3.3.1.3 Chemosensitive malignancies 

At times a single aspiration is recommended for patients with chemo-sensitive 

malignancies such as small cell lung cancer, lymphoma or breast cancer, where it is 

postulated that the chemotherapy can prevent further fluid build-up (5) but there is no 

direct evidence in the guidelines. Although a search of the literature demonstrated 

evidence that many of these malignancies had an excellent response to chemotherapy 

despite the presence of an effusion (180), there is no direct reporting of whether this 

caused a resolution of their effusion. 

1.3.3.2 Conclusions based on the evidence 

There are two tools to predict prognosis in patients with MPE (173, 175) which have some 

utility in identifying patients with a poor life expectancy but even the high-risk groups were 

reported to survive more than 30 days. Since symptoms recur rapidly after an aspiration, 

definitive management may need to be considered in all patients, regardless of prognosis. 

This is even more pertinent with the widespread introduction of IPCs, as undertaking a trial 

of inpatient pleurodesis would be a large proportion of a patient’s remaining life with them 

staying as an inpatient in hospital, whereas insertion of an IPC only requires a similar time 

in hospital to a therapeutic aspiration. Chemotherapy may lead to fluid resolution in some 

patients, but no studies have adequately assessed this question. The evidence would 

suggest that it is often not possible to predict which patients will survive less than a month 

but itdoes show that a large proportion of patients have a swift recurrence of their 

symptoms after an aspiration so this aspect of the guideline may no longer be as relevant. 

1.3.4 What is non-expansile lung (trapped) and how is it identified? 

Figure 12. Treatment algorithm from the ‘Management of a malignant pleural effusion’ 

guideline (5) 
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These steps of the guideline relate to the identification of trapped lung (NEL) after an 

aspiration of 500-1500mls has been undertaken, or subsequently after an intercostal tube 

has been inserted. The part of the algorithm which follows on from the assessment of 

trapped lung becomes complex, and this is due to multiple factors affecting ongoing 

decisions.  

The initial area for review will be how reliably NEL is diagnosed and what degree of NEL is 

relevant due to the caveat added for whether the lack of apposition was ‘complete’. 

Section 1.3.5 will discuss how the diagnosis affects ongoing management. 

 

1.3.4.1.1 Identification of NEL  

The BTS management algorithm suggests that NEL can be identified either after an 

aspiration of 500 – 1500mls or after intercostal drainage but there is no evidence to 

suggest how this assessment should be undertaken. The algorithm also suggests that a 

number of cases of NEL could be missed after the initial aspiration which is why NEL is 

noted in two different parts of the algorithm. Drainage of a larger volume of fluid is 

possible once an intercostal drain has been inserted as this can be performed over a longer 

period of time. Once an initial 1.5L fluid has been drained, the drain can be clamped for a 
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few hours then a further increment of the same size can be drained until there is very little 

remaining fluid. It would then theoretically be easier to see whether NEL was present as 

less fluid would be obscuring it. 

Figure 13. Trapped lung (181) 

 

The guidelines suggest NEL is ‘complete’ if there is less than 50% pleural apposition on a 

chest radiograph. It is difficult to assess what degree of apposition this represents in three-

dimensions as the apposition at the anterior and posterior chest walls are not assessed, 

only the lateral aspect. It was also recognised in the guidelines that 50% was an arbitrary 

figure so will not be specifically critiqued. The references in the 2010 guidelines are related 

to the likelihood of pleurodesis success rather than the reliability of identification of NEL 

and these studies will be discussed in section 1.3.5. 

More recent studies since the guidelines have demonstrated that NEL is very difficult to 

assess on plain radiographs and the definitions, even used in the published trials are 

heterogenous. Martin et al (2019) showed that there was only fair to moderate agreement 

in identification of NEL, even between pleural specialists in two different cohorts of 

patients (Kappa 0.39 and 0.51 respectively) (18). These assessments were performed after 

thoracoscopy when the entire chest had been evacuated and less than 50% apposition on 

chest radiographs was classed as NEL. It is even harder to assess for NEL in populations 

where complete drainage of the thorax may not be possible. The chest radiographs were 



73 
 

also classified into ‘complete NEL’ (no lung apposition) or ‘complete expansion’ where total 

pleural apposition was achieved. There was a significant difference in survival between 

these groups, but this assessment did not include patients with partial apposition. This 

group needs to be examined to determine the significance of partial apposition, both for 

pleurodesis success and survival. 

The TIME2 trial used the definition of less than 50% pleural apposition (19), IPC-PLUS (16) 

used ‘extensive lung entrapment’ as an exclusion, where ‘lung expansion and pleural 

apposition are not possible.’ The AMPLE trial described trapped lung as incomplete lung 

expansion after drainage there were only 3 patients with trapped lung in the pleurodesis 

arm and 2 of these did not receive talc due to this (17).  

In the IPC-PLUS trial 32/250 (12.8%) of patients enrolled were discovered to have 

significant entrapment after their IPC was inserted (16). It is unclear what procedures they 

had undergone prior to IPC insertion, but all patients required a formal diagnosis of MPE to 

be eligible, so it is likely that a previous procedure had been undertaken, either diagnostic 

or therapeutic to make this diagnosis. This shows that identification of NEL after an initial 

procedure is not always guaranteed.  

Thoracic ultrasound may provide information on whether a patient will have NEL. A study 

using M-mode and speckle tracking imaging (STI), which is a technique more commonly 

used in echocardiography, investigated whether these sonographic techniques could 

predict NEL (182). The hypothesis is that NEL, or trapped, lung has less movement from the 

cardiac impulse than normal lung. The results showed that both M-mode and STI were 85% 

specific but only 50% and 71% sensitive, respectively, in detecting NEL (182). Although 

these findings are promising they need to be replicated, ideally in multiple centres to 

validate the results. 

There is an ongoing trial (183) examining the use of ultrasound to identify pleural 

apposition and the development of pleural adhesions. 

A recent feasibility study has been completed investigating whether pleural elastance 

measurements from manometry during a therapeutic aspiration can predict patients with 

NEL (184).  

Pleural elastance is the change in pleural pressure as fluid is being removed. The majority 

of effusions start with a positive pleural pressure as the fluid is exerting pressure in the 

pleural cavity, compressing the lung with this force. As fluid is drained off the lung re-
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expands and keeps the pressure relatively stable until all the fluid is drained and the cavity 

reverts back to a slightly negative pleural pressure. 

Figure 14. Pleural elastance curve of a case with hepatic hydrothorax. The curve represents 

normal elastance. Adapted from Galal et al, 2016 (185) 

 

In patients where the lung is not able to re-expand, a point will be reached where the fluid 

volume is no longer exerting positive pressure and the lung is being exposed to 

gravitational pressure (via the column of fluid in the drainage tubing) but the lung is unable 

to expand so the pleural pressure becomes negative very quickly producing an abnormal 

elastance curve. 

Figure 15. Pleural elastance curve of a case with metastatic adenocarcinoma. The curve 

represents an initial normal elastance that becomes abnormally high as more fluid is 

removed (“entrapped lung”). Adapted from Galal et al, 2016 (185) 

 

A change in pleural elastance of >14.5 cm H20/L at any point during drainage is used to 

denote negative pleural pressure and therefore NEL. If this can be established, whilst 

enough fluid is still present in the chest to allow for drain placement, it would allow for 

triage to IPC or pleurodesis, all in one procedure.  
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1.3.4.1.2 Conclusions based on the evidence 

Identification of NEL is difficult and no current strategy is robust in diagnosis. There are 

implications for prognosis as demonstrated by Martin et al (18) but the lack of ability to 

diagnose NEL may also impact on treatment decisions for patients with regards to an 

attempt at pleurodesis.  
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1.3.5 What is the clinical relevance of NEL in the management of MPE? 

Figure 16. Treatment algorithm from the ‘Management of a malignant pleural effusion’ 

guideline (5) 

  

In the 2010 guidelines, a determination of whether the lung is likely to re-expand is 

important in determining how to proceed in a patient with a symptomatic effusion. The 

main clinical relevance at this time was to determine whether the patient would benefit 

from an attempt at pleurodesis (or insertion of an IPC if there was evidence of NEL). It was 

assumed that it was likely that a patient would experience a failed pleurodesis (recurrence 

of the pleural effusion) if there was evidence of NEL. Since pleurodesis requires an 

inpatient admission of up to a week, it would be important to try and avoid this if the 

procedure was unlikely to benefit the patient. In this guideline the first line definitive 

treatment for MPE was pleurodesis rather than IPC when the lung was expansile – this area 

will be discussed later in the thesis (section 1.3.6). 

The question to assess here is whether evidence of NEL should lead the clinician to avoid 

pleurodesis and whether an IPC would be beneficial in these patients. 
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1.3.5.1.1 Failure of pleurodesis with NEL 

The studies referenced in the 2010 guidelines included one study in 1976 of 41 patients, 

which demonstrated pleurodesis failure in three patients, all of whom did not achieve full 

lung re-expansion (186). The other available reference was a randomised study of 25 

patients with MPE (187) but this did not state the number of patients who had NEL and 

merely referenced two earlier papers to confirm that pleurodesis should not be attempted 

in patients with NEL. One paper could not be sourced and the other was an editorial which 

did not include primary data. A study including 75 pleurodesis procedures concluded that 

trapped lung results in pleurodesis failure but the only chest radiographic appearance that 

significantly differed between the success and failure patients was the timepoint prior to 

chest drain insertion, where NEL was unlikely to be evident. The assessment of the chest 

radiographs used a scoring system which included trapped lung within the scoring system 

for pleural fluid volume, not as a separate analysis. The assessments post drain insertion 

and post pleurodesis showed no difference in the radiographic appearances between the 

success and failure groups, which are likely to be more relevant for the clinical question 

(188).  

One study that showed 90% pleurodesis success in patients with only partial re-expansion 

was published by Robinson et al (189). This study recruited 21 patients, only 8 of whom 

were reported to have had fully re-expanded lung which is appreciably lower than the rates 

in the reported literature. There was no clear definition of what constituted complete or 

partial re-expansion and only 10 patients with partial re-expansion were available for 

follow up, so it is difficult to draw robust conclusions from this study.  

1.3.5.1.2 IPC providing symptom relief in patients with NEL 

The recommendation for insertion of an IPC is based on the idea that drainage of the 

pleural cavity is likely to provide some degree of symptomatic improvement, even if the 

lung does not fully expand.  

The data behind the widespread use of IPCs for NEL is sparse but generally supportive of 

this strategy. Qureshi reported a degree of symptomatic improvement in 49/52 (94%) of 

patients with NEL after an IPC was inserted (190). This was in a population who were fit 

enough to undergo VATS which may not be representative of the population of MPE as a 

whole. The outcome was assessed using the MRC dyspnoea score where a significant 

reduction from 3.0 to 1.9 (p<0.001) was achieved after treatment. This finding was echoed 

by Pein et al (191), albeit in a smaller group of patients (n=11).  
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Efthymiou et al (2009) addressed the issue of patient reported satisfaction with IPC in a 

population with NEL (192). This included 48 patients who had completed a questionnaire 

over a 5-year period in one centre. NEL was diagnosed at VATS using positive pressure 

ventilation to visually assess expansion in 41 patients, 7 patients were too frail for a general 

anaesthetic so a local anaesthetic VATS was performed where the lung ventilation 

assessment would not have been possible. Over 50% of the patients had some degree of 

‘satisfaction’ with the improvement in their ease of mobility and symptom improvement, 

rather than being directly asked whether there had been a symptomatic improvement. The 

endpoint has some flaws as it is a combination of whether there is an improvement in the 

context of what they were expecting and therefore their ‘satisfaction’ with the treatment. 

A purer measure of outcome would be to ask whether either symptomatic or quality of life 

improvements had occurred. None the less the majority of patients were, at least slightly 

satisfied with their outcomes.  

These data show that control of the fluid, even when complete lung expansion cannot be 

achieved does provide symptomatic improvement but an assessment in a more 

heterogenous group of patients would be warranted, including those who would not be fit 

enough for VATS.  

1.3.5.2 Conclusions based on the evidence 

It is widely accepted that NEL prevents a successful pleurodesis but how to identify and 

quantify this phenomenon is not universally agreed upon. The mechanism by which NEL is 

thought to prevent pleurodesis is due to the lack of pleural apposition. Most studies use 

chest radiographic evidence of NEL after an aspiration as the gold standard but the current 

evidence shows that this is a poor reference due to significant intra-observer variability in 

identification of NEL, even in patients where the pleural cavity has been drained completely 

(18). There is little evidence to suggest how effectively large volume drainage identifies NEL 

and whether this prevents a failed pleurodesis attempt. There is evidence to support the 

premise that an IPC provides symptomatic relief even when NEL is present.  

Pleural elastance and US assessments could, in future, replace chest radiographs as the 

gold standard for diagnosing NEL. The main clinical relevance of NEL is to determine 

whether pleurodesis should be attempted but it is possible that even a small degree of NEL 

may affect this. If, once the gravitational pull of a column of fluid in the drainage system, 

has ceased, the lung recoils back (even slightly) from the chest wall this would prevent 
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pleural apposition and may lead to a failed pleurodesis. This could mean that any degree of 

NEL is relevant with regards to pleurodesis failure. 

Further work is needed into the identification and degree of NEL including the extent to 

which any degree of NEL affects pleurodesis success. 

1.3.6 Should IPC only be considered a first line treatment in NEL (not expansile 

lung)? 

Figure 17. Treatment algorithm from the ‘Management of a malignant pleural effusion’ 

guideline (5) 

  

At the time that the 2010 guidelines were written, the evidence base regarding the safety 

and efficacy of IPC was limited and this was reflected in the recommendations. There has 

been a wealth of new data which has led to IPCs now being offered as a first line alternative 

in clinical practice, regardless of whether NEL is present, and this section will summarise 

some of the pertinent data.  
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1.3.6.1.1 IPC in patients with expandable lung 

Insertion of IPCs to facilitate long-term drainage of a refractory MPE, has been historically 

recommended as a second-line approach, after conventional pleurodesis with a sclerosing 

agent had failed or for patients with NEL.  

At the time the guidelines (2010) were published, the evidence was weaker in the area of 

IPCs. The referenced data included 100 patients who had IPCs inserted which were 

retrospectively reviewed and compared with 68 patients who underwent pleurodesis (193). 

There was no mention of whether patients had NEL. This study focussed more on the cost 

implications and had some flaws as it was retrospective and not directly comparative but 

did conclude that IPCs could safely manage MPE. A further study reviewed the outcomes of 

202 patients and concluded that the rates of complications were low and that IPCs can be 

removed in 60% of patients as further drainage was no longer required (194). Although 

reassuring this was non-comparative with alternative treatments. Tremblay et al (2006) 

reviewed the outcomes for 250 patients who had IPCs inserted sequentially (195). The 

outcomes were favourable and included a review of requirement for further procedures as 

an outcome.  

The guidelines concluded that there was evidence IPC insertion resulted in a shorter 

admission and may be suitable for patients with a poor life expectancy but still considered 

it as a second line treatment after pleurodesis. Insertion of an IPC is not associated with 

such a degree of inflammation as pleurodesis but there are other considerations such as 

risk of IPC related infection (196). There is also usually a longer duration of treatment, 

through persistent drainage, although this can be undertaken in an outpatient setting. 

Over the last decade, a wealth of robust randomised control trial evidence has been 

published, demonstrating IPCs as an effective first line method for controlling dyspnoea. 

These trials have also moved beyond the passive use of the IPC as a simple drainage 

system, to a more active role, with regimes incorporating aggressive drainage or instillation 

of sclerosants aimed at inducing rapid pleurodesis. Additionally, during this time, the design 

of pleural clinical trials has matured, moving away from radiographic outcomes, to more 

patient-centred endpoints. The following five clinical trials are the seminal studies which 

have established IPCs position in the management pathway of MPE and expanded its role 

beyond a simple chest drain.  

The TIME 2 trial examined whether using an IPC or the instillation of talc slurry via a chest 

drain was effective at relieving dyspnoea, as assessed with VAS dyspnoea score (19). 
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Patients with MPE, without previous attempts at pleurodesis, were randomised to either 

IPC insertion or chest drain with talc instillation. The talc group were admitted for chest 

drain insertion and subsequent talc slurry pleurodesis. IPCs were inserted as an outpatient, 

with subsequent home drainage 3 times weekly, or as required for relief for dyspnoea.  

Both groups experienced a symptomatic improvement, although there was no significant 

difference in the mean VAS dyspnoea for the first 42 days, between the IPC group and the 

talc group (Difference of 0.16mm; 95% CI, -6.82 to 7.15; P=0.96). IPC insertion was 

associated with was significant shorter length of hospitalisation (difference of -3.5 days; 

95% CI, -4.8 to 1.5 days; P<0.001) and fewer pleural procedures (odd ratio, 0.21; 95% CI, 

0.04-0.86; P=0.03). Adverse events were higher in the IPC cohort where 21/52 (40%) of 

patients experienced at least one adverse event compared to 7/54 (13%) in the talc group 

(odd ratio, 4.70; 95%, 1.75-12.60; P=0.002). There was no significant difference in the 

number of serious adverse events patients (17%) in the IPC group vs 5 (9%) in the talc 

group (OR, 2.1; 95% CI, 0.57-7.71; P=.26).  The adverse events were predominately related 

to infection (pleural infection, n = 8 and cellulitis, n = 7). Of the patients with pleural 

infection, two were treated in an outpatient setting, 5 were admitted for intravenous 

antibiotics and the pleural infection contributed to the death of one patient. Fysh et al 

(2013) assessing the rate of pleural infection in a larger number of patients with an IPC and 

reported a rate of pleural infection 4.9% (50/1021) with only one patient from the entire 

cohort dying from the infection (196).  

The AMPLE study examined whether IPCs were more effective than talc pleurodesis in 

reducing total hospitalisation in patients with MPE, in the 12 months after the procedure 

(197). IPCs were inserted as a day case, with subsequent drainages in community guided by 

symptoms. The talc group were admitted for chest drain insertion, followed by talc slurry 

instillation. Of the 146 patients randomised, the total all-cause median hospital stay was 

shorter in the IPC group (10 days) when compared to talc pleurodesis arm (12 days) (95% 

CI, 0.43-5.84; P=0.030), with the reduction mainly attributed to a decrease in effusion-

related hospitalisation days.  Fewer patients randomised to IPC required further ipsilateral 

pleural procedures when compared to talc cohort (4 vs 22 respectively; p=0.001). Serious 

adverse rates were 1% and 4% in the IPC and talc group respectively, recorded as a 

pulseless electrical activity cardiac arrest in the IPC arm and a submassive pulmonary 

embolism, severe chest pain requiring admission and death during surgery for a femoral 

fracture in the talc pleurodesis arm.  Overall adverse rates were higher in the IPC cohort (30 
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vs 18%) and included pleural infection, cellulitis, loculations, catheter blockage or 

dislodgement, pain, breathlessness and pneumothorax.  

The ASAP trial examined whether aggressive daily drainages of the IPC were superior than 

the current standard of alternate day drainages in achieving autopleurodesis (198).  In the 

149 patients randomised, the rate of autopleurodesis, defined as complete or partial 

response based on symptomatic and radiographic changes, was greater in the aggressive 

drainage arm than the standard arm (47% vs 24%, respectively; P=0.003). Additionally, 

median time to autopleurodesis was shorter in aggressive arm (54 days; 95 CI, 34-83) than 

the standard arm (90 days; 95% CI 70 to non-estimable). Quality of life and patient 

satisfaction scores were comparable between the two groups. Adverse events were also 

comparable but 55% of patients experienced at least one adverse event, over half were 

related to pain during IPC drainage and there was a total of 4 instance of infection 

(cellulitis, empyema and other).   

The AMPLE-2 trial examined whether aggressive (daily) drainages of IPC compared to 

drainages when symptomatic were superior in providing breathlessness control (199). In 

the 87 patients with MPEs randomised, the was no difference in mean daily breathlessness 

scores during the 1st 60 days (geometric mean, 13.1mm; 95% CI, 9.8-117.4; vs 17.3mm; 

95% CI, 13.0-22.0; P=0.18). More patients in the aggressive drainage group achieved 

spontaneous pleurodesis (37.2%) than the symptom guided group at 60 days (11.4%) (HR, 

3.287: 95% CI, 1.360-7.740; P=0.0065). Patient reported quality-of-life measures, were 

better in the aggressive group (estimated difference in mean, 0.112; 95% CI, 0.0198-0.204; 

P=0.0174) 

Pleurodesis using talc can be undertaken using an IPC as the method of delivery rather than 

through a conventional chest drain. IPC plus examined whether talc administration through 

an IPC was more effective at inducing pleurodesis than the use of IPC alone (16). Patients 

with MPE, had an IPC inserted, with maximal drainage at catheter placement and then a 

minimal of 4 further drainages before a chest radiograph at day 10 to rule out substantial 

lung entrapment. Patients were then randomised to receive either 4g of talc slurry or 

placebo via the IPC as an outpatient. The pleurodesis rate at day 35 for the talc group was 

30/69 (43%) compared to 16/70 (23%) in the placebo group (hazard ratio, 2.20; 95% 

confidence interval, 1.23 to 3.92; P=0.008). There was no significant increase in IPC 

blockages rates or adverse events in the talc group. A retrospective review of selected 

patients (those with expandable lung and a performance status of 0-1) showed a 92% 
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successful pleurodesis rate using this method (200) but due to the non-randomised nature 

of this study, the reasons for the higher rate of pleurodesis success, such as patient 

selection, are understandable. 

The TIME 2 trial and AMPLE study compared IPC directly to talc slurry pleurodesis, 

assessing two different primary outcomes. The TIME 2 trial showed comparable 

symptomatic relief in dyspnoea between IPC and talc slurry whereas the AMPLE study 

demonstrated a statistically significant reduction of total hospitalisation time for patients 

with an MPE who are managed with an IPC compared to talc slurry pleurodesis. The TIME 2 

and AMPLE trials did show a higher adverse event rate in the IPC arm and it is not clear that 

a reduction from 12 to 10 days total inpatient stay in the AMPLE trial represents a clinically 

significant difference for the patient.  Nevertheless, these finding, combined with fewer 

ipsilateral pleural procedures in the IPC cohort helped to further define its role in this 

population. By highlighting the potential benefits of IPCs, such as shorter hospital stays, as 

well as potential drawbacks, such as higher adverse event rates, it helped to inform patient 

choice on the available options. 

In both TIME 2 and AMPLE, a significant proportional of patients achieved a state of 

autopleurodesis, where the frequent drainages resulted in visceral and parietal 

approximation and symphysis, allowing removal of the catheter. With the ASAP and 

AMPLE-2 trials, the authors explored whether a more aggressive IPC drainage regime 

would result in higher rates of autopleurodesis for the ASAP trial or improved 

breathlessness scores for AMPLE-2. The ‘aggressive’ daily drainages were more effective in 

provoking pleurodesis and catheter removal, suggesting this is an optimal approach in 

patients wanting their catheter removed promptly. However, these results should be 

viewed with the knowledge that many patients in both arms dropped out of the ASAP trial 

or died before the primary end point timeline was reached. In addition, many patients in 

the study recorded pain with the drainage regimes. In this trial the two approaches did not 

differ in terms of patient related outcomes of quality of life and satisfaction scores. The 

AMPLE-2 trial found that both approaches were equally effective in providing 

breathlessness control, without any differences in adverse events. It supported the ASAP 

trial’s finding that the more aggressive drainages regime enhances spontaneous 

pleurodesis, whilst also suggesting for the first time that it might improve patient’s quality 

of life.  
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The IPC-PLUS trial investigated using the IPC as an ‘active’ participant in pleural disease 

management, by instilling talc into the pleural space to provoke pleurodesis. Talc 

instillation doubled the chances of pleurodesis, without increased rates of adverse events, 

supporting its use as part of an ambulatory pathway. Of particular importance was the lack 

of increased risk of development of a symptomatic loculated effusion after talc instillation. 

For patients who desire out-patient management who have expandable lung, instilling talc 

via the IPC as an out-patient is an effective and safe option. 

1.3.6.1.2 Further studies 

Further important work is being undertaken based on patient reported outcomes in this 

area. The Optimum study is a randomised trial awaiting publication, examining the quality 

of life outcomes in patients managed with IPCs and talc pleurodesis versus standard 

inpatient treatment with chest drain and talc pleurodesis (201).   

IPC may also have further advantages which have yet to be fully assessed. A sliver-nitrate 

coated IPC (SNCIPC) that slowly releases silver nitrate, a pleurodesis agent, previously 

shown in a pilot clinic study to be safe(202), is now currently being investigated in a large 

phase 3 trial (SWIFT https://clinicaltrials.gov/ NCT02649894) with the results anticipated 

soon. The TILT and Trizell (http://www.isrctn.com/ISRCTN10432197, 

https://clinicaltrials.gov/ct2/show/NCT03710876) studies are both aiming to harness the 

potential of the immune mediated response which has been associated with increased 

survival in patients with cancer, using an IPC as a vehicle for treatment delivery.  

IPC has been shown to be as effective as talc pleurodesis in treating dyspnoea and results 

in a modest reduction in hospital stay, albeit with a slightly increased rate of adverse 

events in some studies. The potential of using the IPC in combination with other agents, 

with the aim of inducing pleurodesis or providing disease modifying treatments has not yet 

been realised but there is focussed work ongoing in this area which may produce results in 

the near future. 

1.3.6.1.3 IPC-related pleurodesis mechanisms 

IPCs are now used as an equal first line treatment to pleurodesis for MPE. The primary 

advantage of an IPC is that the patient does not require hospital admission and the patient 

can often achieve an outpatient, ‘autopleurodesis’ which allows for the IPC subsequently to 

be removed. Two studies reported autopleurodesis rates of between 46% – 51% (19, 203), 

with the latter showing the median time until pleurodesis as 26.5 days. Autopleurodesis 

https://clinicaltrials.gov/
http://www.isrctn.com/ISRCTN10432197
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occurs without instillation of any irritants, such as talc, and thus side effects, such as pain 

and systemic inflammation, are negated. 

The mechanisms of autopleurodesis are unclear but is likely to be due to low level irritation 

causing inflammation in the pleural cavity. The ASAP trial addressed whether 

autopleurodesis could be achieved faster with an aggressive drainage strategy; patients 

were either randomised to daily drainage or alternate day drainage. At 12 weeks, 47% of 

patients who underwent daily drainage achieved autopleurodesis compared to 24% who 

had drainage on alternate days (204). This might suggest that a pleural space which is ‘dry’ 

for a greater proportion of the time is more likely to result in pleurodesis, although the low 

pleurodesis rate in the control group, and the large amount of data dropout in this study, 

leaves remaining questions. 

There are other events which may result in pleurodesis whilst an IPC is in situ. As IPCs 

remain in the pleural cavity long term, there is a higher risk of infection in comparison to 

standard chest drains. A multicentre study of clinical outcomes after IPC related pleural 

infections found that 62% of patients achieved pleurodesis after an episode of infection 

(196). The mortality from IPC-related pleural infection was 2% which is appreciably lower 

than the mortality from conventional pleural infection (205).  There was some evidence 

that pleural infection may be associated with increased survival, but further work is needed 

to investigate this hypothesis (87). 

A pilot study of 30 patients with MPE, investigated whether patients who had an IPC 

inserted at the time of thoracoscopy had a shorter hospital stay. The median duration of 

stay was 1.79 days. 92% of patients had successful pleurodesis and the IPC was removed at 

a median of 7.54 days. Both hospital stay and duration of time the IPC was in situ was 

shorter than in historic controls (140). This procedure also negated the need for further 

interventions in patients with pleurodesis, but a number of patients would have had 

successful pleurodesis without the IPC being inserted.  

1.3.6.2 Conclusions based on the evidence 

There has been a wealth of research into the use of IPCs, either alone or in combination 

with pleurodesis, with different drainage regimes, including both clinical and patient 

reported outcomes. Studies which have directly compared pleurodesis with IPC and found 

similar clinical and patient reported outcomes which supports the current clinical practice 

in many centres of offering IPC as a joint first line treatment option with pleurodesis. More 

recent trials have combined IPC insertion with pleurodesis and even impregnated catheters 
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with alternative pleurodesis agents such as silver nitrate.  Some pertinent questions are still 

being addressed in current trials; directly comparing inpatient pleurodesis to outpatient 

pleurodesis or using the IPC as a vehicle for treatment delivery.  

In view of the extensive recent and ongoing research into this area, this thesis will not 

address comparisons between IPC and pleurodesis or the use of an IPC as an active 

participant in pleural management.  

1.3.7 Should pleurodesis as the first line treatment for definitive MPE 

management in all patients? 

Figure 18. Treatment algorithm from the ‘Management of a malignant pleural effusion’ 

guideline (5) 

  

The guidelines suggest that pleurodesis should be carried out, either during thoracoscopy 

or with an intercostal drain and slurry, in all unselected patients with expansile lung as the 

first choice management option 



87 
 

1.3.7.1 Why did the guidelines suggest this? 

The guidelines suggested pleurodesis as the first line option due to the lack of data 

regarding IPCs. Section 1.3.6 has already shown that this may no longer be appropriate and 

IPCs are now considered an equal first line treatment option. When there are two 

treatment options for a condition, any information which aids in the decision making is 

beneficial. It is clear from section 1.3.6 that there are no significant difference in outcomes 

(including patient reported outcomes) between IPC and pleurodesis but this takes into 

account the subset of patients in which in which pleurodesis fails. The patient who undergo 

a failed pleurodesis attempt often require further pleural procedures including IPC 

insertion on top of the inconvenience of having had an inpatient admission for pleurodesis. 

If all patients had a successful pleurodesis then this may return pleurodesis to being the 

first-choice management option and IPC would again be considered second line. Likewise, if 

it was possible to predict which patients are likely to experience pleurodesis failure, these 

patients could be counselled towards an IPC and the remaining patients could undergo 

pleurodesis. 

The next section will review whether there is any new evidence regarding how to either 

improve the chance of a successful pleurodesis or whether it is possible to establish which 

patients are more likely to have a successful pleurodesis. This would aid in establishing a 

more personalised management pathway for patients with MPE 

1.3.7.1.1 Patient selection – predictors of pleurodesis success and failure 

Establishing which patients are more likely to have a successful pleurodesis would aid in 

counselling patients regarding the management options for their MPE.  

The guidelines state that extensive tumour involvement and corticosteroid use in humans 

and non-steroidal anti-inflammatories in animals are associated with a failed pleurodesis 

but there are no recommendations regarding whether to avoid pleurodesis in these 

patients. The study referencing the degree of tumour involvement included 23 patients 

undergoing talc pleurodesis which showed a clear statistically significant reduction in 

success with increased tumour bulk, albeit in small numbers. Of the patients who 

experienced successful pleurodesis 60% had low tumour bulk scores compared with 0% of 

those who failed pleurodesis (206). In a study of 71 patients, 12/71 (16.9%) were taking 

steroids and were significantly more likely to have a failed pleurodesis (207). This was a 

randomised controlled trial which adds reliability but there was no description of the type 

or amount of steroid used. Steroids are known to reduce inflammation, which is a key 
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factor driving pleurodesis, this theory is supported by the data from this trial. The other 

factor which was associated with pleurodesis failure in this study, but not discussed in the 

guidelines, was a larger volume of pleural fluid drainage at thoracentesis.  

The mechanism of pleurodesis is thought to be related to inflammation leading to 

adhesions (149). A study monitoring pleural fluid neutrophil and D-dimer levels after 

pleurodesis showed that increased levels were associated with success, suggesting that 

local inflammation is necessary for pleurodesis (208). Conversely systemic inflammation, 

following pleurodesis, has been associated with a shorter survival time, possibly related to 

increased thrombotic events (209). Numerous other studies have also concluded that 

higher levels of inflammation predict pleurodesis success through varying methodologies. 

Three studies examined different biomarkers, associated with either a heightened or anti-

inflammatory response, in the pleural fluid both before and after pleurodesis. A review of 

systemic and local inflammatory parameters showed that an early rise in pleural CRP was 

associated with pleurodesis. (210) A further two studies demonstrated that higher levels of 

sCD-163 are associated with pleurodesis failure and could be used to guide patients to 

alternative treatments (211) (212). Ukale prospectively assessed 89 patients and 

demonstrated that a rise in systemic inflammatory parameters was also associated with 

pleurodesis success but concluded that larger numbers were needed to validate this finding 

(213). This finding was echoed in patients with MPM (214). 

Evidence regarding an association with volume of drainage and pleurodesis success is 

sparser. A retrospective review of 103 patients with MPE found that pleurodesis was more 

likely to be successful if the effusion had been present for less than 30 days or if less than 

200 ml of pleural fluid was drained daily before talc slurry was instilled (215). A review of 

611 patients showed that if the drain was in situ longer than 10 days then the likelihood of 

successful pleurodesis was lower but there was no clear reason why a cut off of 10 days 

was used and there may be other confounding factors related to this unusually increased 

duration of drainage (216). Fluid volumes or drainage volumes are not reported in many of 

the papers assessing pleurodesis success as this is a very difficult value to robustly collect 

the data for. The duration of time an effusion has been present for, prior to intervention, 

cannot always be accurately measured, especially in patients with no previous radiology 

who present with a new effusion. Likewise, the documentation of fluid drainage is 

anecdotally difficult to collect as part of clinical trials and factors like the volumes of drain 

flushes may not always be taken into account. It is possible that the sparsity of studies 

examining these factors in the published literature is due to some of these confounders.  
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There appears to be a difference in pleurodesis success rates depending on the type of 

malignancy. For example, it was found that, at one month, patients with MPE secondary to 

breast cancer achieved better pleurodesis (75%) than those with lung cancer and MPM 

(58% and 53% respectively) (217). It is notable that MPE secondary to MPM is consistently 

associated with lower success rates of pleurodesis (218-220). It has been postulated that 

this is due to the increased bulk of pleural disease compared to other causes of MPE; 

however, no clear mechanism has been proven. Several potential explanations have been 

implicated, including the difference in the prevalence of NEL in different malignancies and 

the intra-thoracic tumour bulk, which potentially reduces the residual “normal” pleural 

surface area which is thought to be necessary for pleurodesis (149). Normal mesothelial 

cells are involved in activation of inflammatory pathways leading to fibrin formation and 

adhesions which result in pleural symphysis, thus preventing further fluid build-up. Animal 

studies show that, in rabbits, intrapleural instillation of talc caused inflammation which was 

thought to be implicated in pleurodesis success (221, 222). When there is little remaining 

normal pleura, rates of successful pleurodesis would theoretically be reduced.  One study 

used a scoring system to assess the degree of pleural involvement showed that higher 

tumour burden was negatively correlated with pleurodesis success, as was type of tumour 

(219). 

It has been theorised that pain is associated with pleurodesis success (as it signifies pleural 

inflammation) but there is little evidence to support this. A study of tetracycline 

pleurodesis showed the opposite in a small number of patients (189). Patients undergoing 

pleurodesis experience varying degrees of pain related to the procedure, but the reasons 

for this variation are unclear. 

The effect of pleural pH on pleurodesis success has been extensively assessed. Multiple 

studies noted that a higher pH was associated with a higher likelihood of pleurodesis 

success (71, 220, 223) and levels of <7.15 have been reported to be associated with failure 

(224). Although this was not found to be significant in a number of other studies (172, 225). 

A novel use of ADA was to predict pleurodesis success, which was found to be lower in 

patients with failure (226). 

There is an inherent flaw with publications discussing successful predictors which relates to 

publication bias. Papers with positive results are more likely to have been published 

therefore the data showing no significant association may not be available in the literature. 

Larger datasets with pre specified hypotheses would be needed to address some of these 
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predictive factors more accurately. Pre-procedure clinical parameters which would help 

stratify patients into likelihood of failure would significantly impact on patient 

management, likewise, any further information which may shed some light on mechanisms 

of pleurodesis success would also be useful.  

1.3.7.2 Conclusions from the evidence base 

One area which has not progressed significantly since the 2010 guidelines is how to predict 

which patients are likely to have a pleurodesis failure. With the widespread introduction of 

IPCs it is now more important than ever to improve our understanding of which patients 

are likely to have a successful pleurodesis. When inpatient pleurodesis was the only option 

for treatment, it was less important to try to predict which patients were likely to fail 

pleurodesis, but now, with more than one treatment option, further work is needed to help 

guide patients down the most appropriate treatment pathway. 

There is evidence to suggest that measurements of inflammation, fluid volume drainage 

and tumour type may help predict pleurodesis success and further work in large dataset 

may be helpful in identifying patients who should not undergo an attempt at pleurodesis.  
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1.3.8 Could talc pleurodesis be undertaken more effectively to increase the rate 

of pleurodesis success? 

Figure 19. Treatment algorithm from the ‘Management of a malignant pleural effusion’ 

guideline (5) 

 

There are multiple different steps involved in an attempt at pleurodesis. This includes the 

method of pleurodesis, the agent used for pleurodesis and the timing of instillation of the 

sclerosant or removal of the drain. The steps documented in the guidelines regarding the 

steps of undertaking pleurodesis will be critically appraised.  

1.3.8.1 Pleurodesis via slurry or poudrage  

Three studies were referenced in the guidelines comparing talc slurry with poudrage but 

for one there was only an abstract available. Dresler et al (154) showed equivalence 

between slurry and poudrage, although there were limitations of this trial, including the 

44% attrition rate. A trial of 109 patients reported superiority of poudrage but this was non 
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randomised and specifically only gave slurry to patients who would not be fit enough to 

tolerate thoracoscopy leading to a high risk of bias (227).  From this it was concluded that 

pleurodesis is equally effective as either slurry or poudrage. 

A Cochrane review by Clive AO reviewed 62 studies involving 3428 patients assessing the 

effectiveness of different methods of pleurodesis (228). They concluded that instillation of 

sterile talc via thoracoscopic poudrage was the most effective method, but the authors 

reported a high risk of bias in all studies reviewed and suggested that further trials are 

needed to assess this issue.  

The TAPPS trial (15) was a randomised controlled trial comparing talc poudrage during 

thoracoscopy to talc slurry given via a small-bore chest drain (<14F), designed to 

definitively address this question. The primary endpoint was the rate of pleurodesis failure 

at 3 months which did not demonstrate a significant difference in pleurodesis failure 

between poudrage (22%) vs slurry (24%), (adjusted odds ratio, 0.91 [95% CI, 0.54-

1.55]; P = .74; difference, –1.8% [95% CI, –10.7% to 7.2%]).  

In view of this robust evidence this area was not assessed further in this thesis. 

1.3.8.2 Undertaking talc slurry pleurodesis 

The method in which a talc slurry pleurodesis is undertaken may be important in 

determining whether a successful pleurodesis is produced. 

The 2010 guidelines recommend that talc slurry pleurodesis should be attempted using 

graded sterile talc, via a small-bore drain, with controlled evacuation of fluid, once there is 

evidence of pleural apposition on chest radiography. The intercostal drain should be 

removed in 24 – 48 hours, provided that less than 250mls of fluid is being produced per 

day. 

Statements 

1. Pleurodesis should be undertaken with graded sterile talc  

2. A small-bore chest drain is preferable to a large bore drain 

3. Pleural apposition on chest radiography is a good indicator of when pleurodesis 

should be attempted (see section 1.3.5 on NEL) 

4. Suction should be used during pleurodesis 

5. Drain removal should be decided by daily fluid output volume 
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1.3.8.2.1 Pleurodesis should be undertaken with sterile talc 

The first report of pleurodesis, in the early twentieth century, trialled use of silver nitrate in 

patients with spontaneous pneumothorax (229). Talc, the most commonly used agent 

worldwide, was first used for pleurodesis in post-lobectomy patients in the 1930s (144, 

229). Since then, various agents and methods have been described for the purpose of 

sealing the pleural cavity (230). 

Table 6: Agents used for pleurodesis 

Chemical 

• Talc (144) 

• Iodopovidone (231) 

• Antimicrobials: 

o Tetracyclines: (Tetracycline (147), minocycline (232), doxycycline (233), 

tigecycline (234))  

o Quinacrine (235) 

• Cytotoxic drugs (bleomycin (207), mitoxantrone (236), mitomycin (237), 

carboplatin (238)) 

• Silver nitrate (239) 

• Sodium hydroxide (239) 

• 50% glucose 

Biological 

• Corynebacterium parvum (240) 

• OK 432 (237) 

• Staphylococcal superantigen (241) 

• Viscum album (mistletoe) (242) 

• Recombinant tumour necrosis factor (243) 

• Platelet-rich plasma and fibrin glue (244) 

• Blood patch (245) 

Physical 

• Mechanical abrasion (246) 

• Partial Pleurectomy (247) 

• IPC-related (19) 

• LASER (248) 
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The choice of the agent of pleurodesis depends on many factors, including reported 

efficacy, safety profile, availability and cost. In a survey of the preferred pleurodesis agent 

for MPE among pulmonologists from 5 countries, the three most common agents were talc, 

doxycycline and bleomycin (249). For a long time, tetracycline was the preferred agent in 

the USA but, since the withdrawal of the IV formulation from the market, it has been 

replaced by talc (207). 

Other agents are commonly used in different countries. For example, silver nitrate is a 

popular sclerosant in South America (239), quinacrine (an anti-malarial drug) has been used 

for many years in Sweden (235) and iodopovidone is the most commonly used agent in 

Egypt (157). Chemical pleurodesis causes pain in many instances and tetracyclines are 

particularly associated with severe pain (5). 

Talc is an inert, silicate-based, asbestos-free powder that has been used as a pleurodesis 

agent since the 1930s (5, 144). The currently commercially available talc is composed of 

talcum but in the period before that it was prepared in hospitals using sterilised kaolin 

(250). Originally, talc was applied to the pleural cavity only during thoracoscopy as 

poudrage and it was not until 1958 that it was first used as a slurry (239). 

The BTS guidelines recommend talc as the pleurodesis agent of choice (5) and stresses the 

importance of using graded talc which is less likely to be complicated with oxygen 

desaturation (5). For many years, there were concerns about use of talc due to reports of 

its tendency to cause acute respiratory failure. Systemic inflammation is a common 

occurrence with intrapleural application of sclerosants (149) but this has been noticed to 

be exaggerated with the use of small-particle talc (< 10µm diameter) (153, 248). In a US 

study using talc with diameters ranging between 10-20 µm, talc-related lung injury was 

reported in 4 of 143 procedures (251). Graded talc has a better safety profile as evidenced 

by a large European multi-centre observational study where graded talc (median diameter 

25.6 µm) was used (144). In 558 patients who received graded talc for pleurodesis, no cases 

of acute respiratory failure were observed (229). 

Tetracyclines are widely used for pleurodesis. Since the withdrawal of the IV form of 

tetracycline, it ceased to be used as a sclerosant in the US (207), but the oral forms are still 

used in some parts of the world as a slurry (147). Doxycycline is the most widely used of the 

tetracyclines currently (249). The IV form is instilled into a chest drain after dilution with 

saline. Hatata et al (2017) reported using the oral powder form for thoracoscopic poudrage 
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using an atomiser (252). No cases of pneumonitis or acute respiratory failure were 

reported (252). 

A systematic review on pleurodesis found that tetracyclines are generally effective, but 

there was no overall benefit over other sclerosants (146). Pain following intrapleural 

application of tetracyclines is a major deterring factor for many clinicians. Studies report 

the occurrence of moderate to severe pain in 30-60% of patients receiving these agents 

(147, 233, 252). 

Bleomycin is the most commonly used chemotherapy drug for pleurodesis (145, 239, 249). 

It is used both during thoracoscopy or, more commonly, instilled at the bedside into a chest 

drain (145). Its mechanism of action is chemical irritation to the pleura (rather than being a 

cytotoxic agent) (5). It was reported to be effective in preventing MPE recurrence in 85% of 

patients at 3-month follow up (145). In a meta-analysis carried out by Shaw and colleagues, 

bleomycin was not shown to be better than other sclerosing agents (146) and is an 

expensive drug, which is an important disadvantage to its use. Other cytotoxic agents, 

including mitoxantrone, mitomycin and carboplatin, can be used but are less effective and 

consequently not as popular (239). 

The first report of iodine being used for pleurodesis via chest drain dates back to the early 

1990s (231). This antiseptic agent is an appealing option for pleurodesis due to its wide 

availability and low cost. Iodine, however, was mixed with talc as far back as the 1960s in 

preparations made for talc pleurodesis (250). Iodopovidone can be diluted with saline and 

instilled into a chest drain or can be sprayed during thoracoscopy (231). A previous 

systematic review found that it is generally effective in MPE and pneumothorax with 

success rates between 72-94% (157, 231). The reported complications included chest pain, 

fever and hypotension (157, 231). In comparative studies between iodopovidone and talc, 

the latter was more successful in a 2 eving pleurodesis but had higher rates of pain and 

fever (157). 

Silver nitrate is one of the oldest sclerosants used for pleurodesis. Its use has been 

declining in some parts of the world due to difficulties with pain control (239). Reports 

from Iran mention it as one of the most commonly used agents for pleurodesis (147). There 

are a few studies that compare the efficacy of silver nitrate to other agents and results are 

contradictory. In a randomised trial, silver nitrate was found to be associated with more 

recurrence when compared to tetracycline for pleurodesis in MPE (147). However, in 

another randomised trial comparing talc slurry and silver nitrate for pleurodesis in MPE, 
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talc was associated with 84% success rate in 30 days while silver nitrate was successful in 

96% of the patients in the same period (229). Notably, pain was not different between the 

2 groups (229). 

Another exciting potential for silver nitrate is its use for pleurodesis in drug-eluting IPCs. 

Silver nitrate-eluting IPCs have been reported to induce pleurodesis in rabbits within 14 

days of insertion (253). A phase 1 study has recently been published which reported 

successful pleurodesis in 89% of patients with a silver nitrate-eluting IPC (254). 

Pleural infection can lead to a successful pleurodesis in patients with MPE, especially in 

those with staphylococcal species (196). Identifying the specific mechanism of pleurodesis 

within the model of pleural infection would be beneficial if it could be delivered without 

the morbidity associated with pleural infection. 

Staphylococcal superantigens (SSA) are endotoxins that stimulate resting T cells to become 

cytotoxic T cells which also create potential anti-tumour effects. When SSA was instilled 

intrapleurally into 14 patients, 11 had complete and 3 had partial resolution of MPE (241). 

Other immune stimulants used for pleurodesis include OK432 and lipotechoic acid T (LTA). 

OK432, derived from a strain of strep. pyogenes, introduced intrapleurally to patients with 

MPE, produced a significantly longer effusion-free period than those treated with 

mitomycin C (237). LTA is a gram-positive bacterial-cell-wall motif which has been 

demonstrated in a phase I study (255) to act as an effective pleural adherent, through 

stimulation of the innate immune system. In a phase I study, (n=13) which administered 

escalating doses of LTA through an IPC, 86% of patients achieved complete pleural fluid 

control 1 month after a single dose of LTA with few side effects even at the highest doses. 

Further studies with these agents are now required. 

These findings corroborate the findings of two previous meta-analyses that studied 

pleurodesis in MPE (146, 148). Shaw and colleagues reported that talc was superior to 

other agents with a relative risk of 1.34 (146). More recently, Xia et al (2014) reported a 

similar relative risk of 1.35 for efficacy using talc poudrage in comparison to all other 

therapies, including bedside slurry, which led them to conclude that talc poudrage at 

thoracoscopy is more effective than talc slurry for control of MPE (148), although this has 

not been corroborated by a recent RCT (15). The same meta-analysis found no difference in 

the side effect profile or overall mortality between talc and the other agents (148). 
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Due to the extensive data produced on this subject this thesis will not undertake any 

further assessments on the optimal pleurodesis agent. 

1.3.8.2.2 Chest drain size 

Three papers were referenced to support the assumption that chest drain size does not 

affect pleurodesis success. The first was a retrospective, non-comparative review and 

therefore there were no pre specified criteria for assessing superiority. The series consisted 

of 102 patients and concluded that larger prospective trials would be needed to support 

their findings (256). A study of 18 patients showed that there was an increase in pain from 

large bore catheters but there were no significant results regarding the rate of pleurodesis 

success (257). The final study of 41 patients, was randomised with high success rates in 

both arms and showed no significant difference in outcomes (258). This study did not 

specify the size of the small bore drain and this group had three times as many patients 

with breast cancer as the large bore group, which may confound the results as patients 

with breast cancer have been reported to be more likely to experience pleurodesis success 

(219). The numbers were again small and there were no instances of drain displacement 

which is dissimilar from more recently published studies.   

The TIME 1 trial aimed to address the issue of NSAID analgesia and chest drain size for 

patients undergoing talc pleurodesis as the recommendations for smaller drains and 

avoidance of NSAID analgesia was based on little robust evidence. This trial compared 

opiate analgesia to NSAID analgesia and 12F to 24F chest drains in relation to pain and 

pleurodesis success (50). A total of 320 patients with MPE requiring pleurodesis were 

enrolled, with co-primary outcomes of pain during admission (superiority comparison) and 

non-inferiority of pleurodesis at 3 months (non-inferiority comparison, with a pre-specified 

non-inferiority threshold of 15%). Pleurodesis success was defined as no further need for 

pleural interventions on the ipsilateral side of pleurodesis due to symptoms. 

There was no significant difference in pain scores between the group given opiates 

compared to NSAIDS, but the NSAID group received a modestly higher number of rescue 

doses of analgesia (median 1 per patient). NSAIDs were demonstrated to be non-inferior in 

terms of pleurodesis success at 3 months.  

In terms of drain size, there was a statistically higher pain score in the 24F group, but this 

was only 6mm on the 100mm VAS, with the established minimum clinically significant 

difference in this outcome of 13mm. For the pleurodesis outcome, 12/50 (24%) patients 

with 24F drains had pleurodesis failure compared to 15/50 (30%) with 12F drains, and 12F 
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drains failed to meet the 15% criteria for non-inferiority. Smaller drains were associated 

with a higher rate of early fall out, a higher risk of not receiving talc, and were associated 

with modestly increased complications at insertion.  

The authors concluded that NSAID analgesia was effective in this patient group but that 

smaller chest drains were not found to be non-inferior. However, the number of patients in 

the pleurodesis analysis (intention to treat) was smaller than intended due to the inclusion 

of patients undergoing thoracoscopy in this study (where a large bore chest drain is 

required) – further confirmatory studies are required to understand this signal fully and 

further work is needed to address the issue of early drain displacement. Preventing drain 

displacement could have a significant impact on avoiding pleurodesis failure and this area 

has not been adequately assessed in review of the literature. 

1.3.8.2.3 Suction 

The guidelines suggest that high-volume, low-pressure suction can be used for incomplete 

lung expansion or a persistent air leak but there is no data relating to this statement. 

One hypothesis for using suction is that applying negative pressure may expedite the 

process of drain removal as the pressure would allow the fluid to be removed more quickly 

and may hold the lung to the chest wall more firmly allowing adhesions to form more easily 

(149). No evidence was identified to assess whether suction is beneficial in any 

circumstance for MPE. Suction is mentioned in review articles (259) but referenced an 

unavailable article from 1959.  

1.3.8.2.4 Timing of pleurodesis and drain removal 

The current BTS Guidelines recommend removing the chest drain 24 – 48 hours after talc 

has been instilled and drainage has reduced to less than 250 ml per day (5) but there is no 

robust evidence to support this. The one study addressing this issue did not show any 

difference in pleurodesis success between patients who had their drains removed at 24 or 

72 hours (260), but this was a negative superiority trial, and was underpowered.  

Currently, the recommended practice for timing of talc instillation and chest drain removal 

is based on the volume of fluid output, although the guidelines recognise that pleural 

apposition is more likely to be relevant to when pleurodesis should be conducted (5). The 

respiratory community has moved away from assessing pleural fluid with chest radiographs 

as thoracic ultrasound is more sensitive. 
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Physician-delivered thoracic ultrasound has become widespread in recent years (38) and 

may be a more robust way to demonstrate pleurodesis success or failure. Another feature 

unique to US is the real-time capacity to monitor lung sliding over the chest wall. Lung 

sliding can be identified on TUS which indicates that the visceral and parietal pleura are in 

contact and sliding past one another during respiration. An absence of lung sliding normally 

suggests that pleurodesis has occurred but can also be due to a pneumothorax or severe 

emphysema, although trained operators can often differentiate between the pathologies. A 

study of patients post-pleurectomy or pleural abrasion for pneumothorax (261) showed 

that a blinded operator could identify the absence of lung sliding in all patients post-

pleurectomy and discrete areas of lung sliding in the majority of patients who had 

undergone pleural abrasion. One patient had a recurrence of his pneumothorax in the area 

where lung sliding was identified (261). This shows that US could be used to identify 

successful pleurodesis rather than a reduction in the daily fluid volumes drained but further 

work would be needed to support these conclusions. 

More rapid removal of the chest drain (after 24 hours of instilling the sclerosant rather than 

being determined by drainage volume) was not found to be associated with an increased 

rate of effusion recurrence (262), although this trial was underpowered. Due to superior 

sensitivity over X-ray, ultrasound is sometimes used to evaluate the residual volume of 

pleural fluid prior to conducting bedside pleurodesis and before drain removal (200). A 

small prospective study assessed whether thoracic ultrasound could detect the 

development of pleural adhesions to allow for earlier chest drain removal. The 

observational study of 20 patients concluded that pleural adhesion formation was shown 

on ultrasound in 13/20 (65.0%) patients after 24 hours and it may be possible to remove 

drains earlier based on ultrasound findings (263). Subsequently a randomised clinical trial 

was started to ascertain whether the absence of lung sliding can be recognised in patients 

with MPE, after talc pleurodesis, to determine the optimal time for chest drain removal 

(ISRCTN16441661). This may lead to more robust guidelines for chest drain removal and 

more efficient identification of early success or failure. 

1.3.8.3 Other factors affecting pleurodesis success 

At times patient are admitted for an attempt at talc slurry pleurodesis, but it is not possible 

to instil the talc as the chest drain has either become blocked, displaced or fallen out. 

Although a some patients seem to undergo autopleurodesis, likely from irritation from the 

drain alone, this happens in a small number of patients (263) and lack of talc instillation is 
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likely to result in effusion recurrence. If this occurs this means that patients, at the end of 

their life, experienced a wasted hospital admission and are likely to have to undergo 

another invasive pleural procedure. Any method which could aid the likelihood of talc 

being able to be instilled would be beneficial to patients who have opted for an inpatient 

pleurodesis. 

The use of intercostal drains to treat pleural pathologies such as infection has been ongoing 

for over a century (264), although an attempt at drainage was reported by Hippocrates 

over 2000 years ago. Since then, technology has improved but there are complications with 

the current equipment, such as drain blockage and displacement which have not been 

rectified. 

An audit of 1401 pleural procedures demonstrated a fall out rate of 9.2% (110). These 

patients may have undergone further pleural procedures or had a hiatus of their treatment, 

both involving risks which could have been mitigated if the drain had not fallen out. This 

figure also did not account for patients in which the intercostal drain had displaced, 

rendering it unusable, but not entirely fallen out of the chest cavity. Data from the TIME 1 

trial showed that 42% of 12F chest drains in a study of patients undergoing pleurodesis 

dislodged during the study (50). Whilst the consequences of this were not recorded, it is 

clear that even in expert hands, this remains an issue. 

Numerous attempts have been made to address this issue. Pigtail catheters have been used 

which have a coiled tip, that can be locked in place to prevent drain displacement. This is 

achieved by pulling tight and locking a string which connected to the tip of the drain. This 

needs to be cut before the drain is removed to allow the tip of uncoil at removal. This 

technique has become less popular due to cases of incorrect removal leading to arterial 

lacerations (265). These are thought to occur when the tip is still locked in place and causes 

tearing to the intercostal bundles as the drain is removed. 

Intercostal drains are usually stitched and affixed with either bespoke dressings or those 

made from gauze and plasters. An audit of chest drain fall out showed that 75% of chest 

drains without a suture fell out compared to 4% of those where at least one suture was 

employed (266). Suturing techniques vary and there are numerous articles reporting 

different techniques (267), number of sutures and combinations thereof (268, 269). It is 

generally accepted that the suture material around the drain must indent the plastic or 

there will not be sufficient grip to prevent drain displacement. This is one reason why head-
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to-head trial of suture methods would be difficult to standardise. Likewise, there are 

various fixations methods using bespoke, or individually fashioned dressings. 

The bespoke dressings usually use a strong adhesive agent, to stick the dressing to the skin 

and the chest drain. The dressing is stuck to the skin and the drain placed through the 

middles and secured with the adhesive material on the dressing. When no bespoke 

dressings are available, a combination of gauze and adhesive dressings are used to secure 

and support the drain. The gauze is often cut diagonally, and the drain placed in the cut 

section with adhesive dressings placed over this. This allows the drain to be supported, 

which helps prevent kinking and secured with the extra adhesive, although this does not 

prevent the need for a suture. 

Alterative external fixation methods include a Statlock device (270), which secures to the 

skin using strong adhesives and allows the drain to be fixed in the device, with the addition 

of securing the suture material to the chest drain and the device to prevent the need for 

skin puncture. The rates of displacement were below the rates in published literature, but 

this was non comparative.  

There have been attempts to prevent displacement by anchoring the drain, internally, 

within the pleural space. A paper published in 2008 reported the use of 3500 foley 

catheters to drain the pleural space (271), once the catheter has been inserted the balloon 

would be inflated within the space to prevent dislodgement. A specific ballooned seldinger 

intercostal drain has been designed to ascertain whether this adaption would safely and 

effectively prevent drain displacement. A pilot study demonstrated a rate of displacement 

of 5% (272), which is lower than in the reported literature.  

1.3.8.3.1 Conclusions from the evidence base 

The question of whether the method of pleurodesis could be improved to increase the rate 

of pleurodesis success includes a number of different facets.  

Recent evidence has shown that poudrage and slurry are equally effective which has 

answered a very relevant question for our clinical practice. The type of pleurodesis agent 

has been extensively studies with enough information for a meta-analysis and new agents 

are already being explored so there is little need for this question to be addressed further. 

There is already an ongoing RCT examining the optimal time for pleurodesis and 

subsequent drain removal based on ultrasound findings of pleural apposition and 

pleurodesis. This is being compared to the current standard chest radiography and volume 
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of pleural fluid drain which aims to provide an answer to this question. There is little 

evidence to determine whether suction should be employed in patients undergoing 

pleurodesis so this may be an area which requires further exploration.  

Lastly, the evidence from the TIME1 trial suggested that smaller drains may be inferior to 

larger drains in achieving a successful pleurodesis, but this may be due to the higher rates 

of drain displacement with smaller drains, rather than problems with the size of the 

drainage lumen. Further investigation into whether drain displacement could be prevented 

may be relevant, as a current review of drain fixation techniques have not shown any 

intervention which makes a significant difference. 

1.3.9 Combining diagnostic and therapeutic procedures 

To truly streamline the pathway, it may be necessary to combine diagnostic and 

therapeutic interventions. There are some key considerations with regards to the 

practicalities of combining diagnostic procedures (such as pleural aspiration or pleural 

biopsy) and definitive management options (such as IPC and pleurodesis), which are often 

not offered until a diagnosis has been confirmed.  

In a successful pleurodesis the pleural space is obliterated which means that it would not 

be possible to perform a thoracoscopy if further pathological samples were needed. In 

these cases percutaneous biopsies can be performed but there is often a lower yield than 

during thoracoscopy (273). This information suggests that pleurodesis should not be 

performed before it has been confirmed that the pathological samples obtained can 

provide sufficient material for all appropriate tests. Waiting for pleural fluid results before 

definitive management options are offered due to this uncertainty, means that in many 

cases the definitive pleural procedure can be performed weeks after the initial aspiration 

was undertaken, especially in patients who require further biopsies (94). This may leave 

patients with persisting symptoms throughout the diagnostic pathway.  

Conversely, pleurodesis is undertaken at thoracoscopy, even when a final diagnosis has not 

been made, but only when the macroscopic features are highly suggestive of malignancy 

(274) and adequate biopsies have been taken, as thoracoscopy has a high diagnostic yield 

of over 90% in most series (273). 

With the widespread use of IPCs, it is possible to obtain pleural biopsies, even at 

thoracoscopy from around the IPC if further samples are needed. Ultrasound guided 

biopsies can be taken at the time of either chest drain or IPC insertion. It is also much 
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easier to remove an IPC if the patient does not derive any symptomatic benefit, which is 

one of the reasons an aspiration is often performed initially. An IPC can also be placed at 

the time of thoracoscopy (275) and it is also possible to perform a thoracoscopy for 

diagnosis and treatment by completing pleurodesis and placing an IPC at the same time 

(140). 

It is important to compare the acceptability to patients of a number of different procedures 

but there is very little reported in the literature related to this question. One study 

assessed patient reported outcome after a number of different interventions. This study 

showed that patients are the least likely to recommend chest drain and pleurodesis from a 

in comparison to VATS or IPC insertion (276). This was not a randomised study so the 

decision of whether VATS, IPC or slurry was appropriate was made by the assessing 

clinician which could introduce bias as it is possible that the patients offered VATS were a 

specific, possibly less co-morbid, group. The length of stay in this cohort was also 

appreciably longer than in a number of other published studies (19), which may have 

influenced satisfaction scores. There was evidence that dyspnoea was most improved after 

pleural intervention in the VATS and pleurodesis group and that this improvement was 

sustained until at least 6 weeks (276).  

The decision regarding which intervention to undertake will be aided by a combination of 

the diagnostic yields, rate of complication and acceptability to patients, but the assessment 

of this is likely to be unique to each patient. More information regarding each facet of the 

decision would be beneficial in informing patients and clinicians when selecting 

management options.    

1.4 SUMMARY 

The last iteration of the British Thoracic Society guidelines was produced a decade ago and 

there has been an exponential increase in the number and quality of clinical trials since 

then. 

There are still outstanding questions which are yet to have a definitive answer. In the era of 

personalised medicine, the initial pleural aspiration may not always provide enough 

information to guide oncological treatment and other pleural fluid results may not always 

dictate how the diagnostic pathway moves forward as effectively as they once did. If the 

initial aspiration is no longer relevant for all patients for diagnosis, then there is also a 

question of whether an aspiration is relevant in changing management in other ways. 



104 
 

There is a wealth of data regarding the diagnostic rates of different interventions and 

complications but little information on patient experience of these interventions. As 

clinicians, we assume that the patient would prefer a smaller procedure, even with a lower 

diagnostic yield but it is possible that this is not the case. 

Over the last decade, there have been a number of large clinical trials which have changed 

the way pleural medicine is practised, but these have augmented rather than radically 

altered our practice. Newer studies have challenged and questioned assumptions, 

answering some of the questions about the management of patients with MPE. This 

included concluding equivalence of talc poundage and talc slurry pleurodesis, suggesting 

NSAIDs can be used during pleurodesis, and challenging whether large bore chest drains 

are superior to small bore. There are still large gaps in our knowledge which need to be 

filled to streamline the management of patients especially those who would like to attempt 

pleurodesis.  

The success rates for conventional chest drain and pleurodesis are unchanged but the 

introduction of IPCs over the last couple of decades has provided a readily available 

alternative management option. TIME 2 and AMPLE together demonstrated that IPC 

insertion and talc pleurodesis offer comparable dyspnoea relief in patients with refractory 

MPE. Talc pleurodesis allows definitive management, without the added burden of ongoing 

drainages and the external reminder of their disease, with fewer associated complications, 

such as cellulitis and pleural infection. IPCs, in contrast, offer an ambulatory option that is 

equally effective in controlling dyspnoea, with shorter hospitalisation and reduction in re-

intervention rates. Rapid pleurodesis protocols offer increased rates of pleurodesis for 

patients where removal of the IPC is a priority, but symptom-guided drainage was equally 

effective in controlling dyspnoea. Instilling talc slurry through an IPC has been proven safe 

and effective and increases the rates of pleurodesis success, compared to drainage alone, 

(16) albeit with a lower rate of success compared to inpatient pleurodesis. There is always 

likely to be a group of patients who will still opt for inpatient pleurodesis, but this evidence 

may shift the balance, for the majority of patients, towards IPCs. 

The method of undertaking pleurodesis has many different facets which have been variably 

addressed in the literature. Certain fundamental questions have been answered and there 

is ongoing work examining whether ultrasound is superior to drainage volumes and chest 

radiographs in guiding drain removal and whether manometry can identify patients with 

expandable lung. Further work into the method of diagnosis of NEL and its clinical 
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relevance is needed. Another significant problem with pleurodesis is that there is no 

reliable way to predict who will have pleurodesis success and failure. This can mean that 

patients can be in hospital up to a week after having an invasive procedure which does not 

end up benefitting them.  

It is clear that drain displacement prevents a successful attempt at pleurodesis in a minority 

of cases but this can be a significant period of wasted time and discomfort for the patient 

with no benefit. A previous pilot study has assessed the utility of inserting a drain with a 

balloon attached that can be inflated in the pleural cavity to prevent displacement. This 

may be one method by which this event could be prevented but a larger randomised study 

is needed. 

This review of the literature has shown that large areas in the field of MPE management 

have been extensively covered but multiple areas need to be addressed. It would not be 

possible to address every question in one thesis and since the intent is to streamline the 

interventional pathway, if possible, this thesis will focus on the initial parts of the pathway 

which could be optimised, both from a diagnostic and therapeutic point of view. Work 

exploring complication and PROMs is very important, but it is necessary to establish which 

interventions are most likely to be relevant, especially if combined interventions are 

warranted, before these outcomes can be assessed. 

1.4.1 Overall Hypothesis 

This thesis tests the hypothesis that the current guidelines for the diagnosis and 

management of MPE are no longer valid in modern practise, in certain specific areas due to 

new data which should promote a rethinking of the structure of the diagnostic and 

therapeutic pathway.  

1.4.2 Aims 

Through this thesis, I aim to answer the following direct questions, based on uncertainties 

as specified above, and weakness in parts of the data on which the 2010 BTS guidelines 

were based.  

1. Does the identification of transudative biochemistry in pleural fluid prevent the 

need for further investigations into the possibility of an underlying MPE? (Section 

2.1.2, 3.1.2, 4.1.2) 
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2. How often does the pleural fluid from the initial aspiration provide sufficient 

information to guide further management in patients with MPE and can this be 

predicted? (Section 2.1.3, 3.1.3, 4.1.3) 

3. Can a large volume aspiration be sufficient in any patients with MPE to prevent 

further pleural procedures needing to be undertaken? (Section 2.1.4, 3.1.4, 4.1.4) 

4. Can a large volume aspiration able to identify non-expansile lung which would 

prevent a successful pleurodesis? (Section 2.1.5, 3.1.5, 4.1.5) 

5. Can predictors of pleurodesis success be identified from data collected from the 

TIME1 clinical trial? (Section 2.2, 3.2, 4.2) 

6. Can a ballooned drain decrease drain displacement and increase the chance of 

pleurodesis success? (Section 2.3, 3.3, 4.3) 

 

1.4.3 Objectives  

The above high level aims were achieved using the following objectives:  

1. A retrospective study of 325 patients undergoing a pleural aspiration in the investigation 

and management of malignant pleural effusions, to determine  

a) the relevance of transudative biochemistry 

b) the utility of cytology in diagnosis and management of MPE 

c) the utility of therapeutic aspiration as the sole management of patients with MPE 

d) the identification of NEL 

2. A retrospective analysis of data from the TIME1 trial to determine predictors of 

pleurodesis success in order to ascertain whether any baseline characteristics can be used 

to determine which patients are likely to have a successful pleurodesis.  

3.  A prospective Randomised trial to determine if a bespoke, novel chest drain (balloon 

catheter) could  prevent chest drain displacement, and thereby improve pleurodesis 

success. 

2 METHODS 

2.1 PLEURAL ASPIRATION IN THE INVESTIGATION AND MANAGEMENT OF MALIGNANT 
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PLEURAL EFFUSIONS 

In order to address the questions of whether the results of an initial aspiration can 

materially alter the investigative or management pathway for MPE a retrospective data 

collection of pleural procedures at the local trust, which included 4 hospital sites, was 

undertaken. Ethical approval for research use was given by the HRA and the need for 

informed consent was waived. 

2.1.1 The cohort 

Patients who had their first pleural fluid sample sent for biochemical or cytological testing 

between 1st January 2015 – 31st December 2017 

2.1.1.1 Identification of the cohort  

Patients were identified by reviewing all the procedure records from the respiratory and 

radiology departments. In Oxford there is a strict policy that pleural procedures for fluid 

can only be undertaken by clinicians with level one ultrasound competence and should not 

be undertaken at the bedside, which limits the scope to radiologists, respiratory physicians 

and a small number of other specialties such as intensive care or emergency physicians. 

Both the radiology and respiratory teams record their procedures electronically and these 

were searched to compile the database. Information recorded in the pleural procedure 

record was the size of the effusion as assessed by ultrasound, any evidence of septations 

along with the procedure undertaken and volume of fluid drained. The radiology records 

included the majority of this information but, unlike the respiratory records, did not have a 

bespoke form where both positive and negative findings were reported.  

Patients who had samples sent in the 6 months prior to January 2015 were excluded. This 

was to try and reduce bias as the first aspiration within the stated time period would not 

have been the beginning of the diagnostic pathway. If the initial aspirations, which were 

undertaken in the latter half of 2014, were included in the dataset then this would 

introduce a bias as these patients will have had to have had more than one sample sent in 

the pathway to be included, and patients within the earlier period who only had a single 

sample sent would not have been included. 

2.1.1.2 Data Collection 

Data collected included the pleural fluid biochemistry, history of malignancy, cytology 

results, evidence of NEL, fluid volume sent for testing, fluid volume drained, procedure 
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undertaken (Diagnostic/therapeutic) and final clinical diagnosis, which was assessed using 

pre-designed criteria. 

2.1.1.3 Definitions 

The patients were categorised into diagnostic categories to determine the underlying 

aetiology of their effusions by per-determined criteria. The criteria used in the analyses 

were as follows: 

2.1.1.3.1 Malignant Pleural Effusion 

a/. Malignant pleural fluid cytology or biopsy 

or 

b/. Pathologically confirmed pulmonary/extra-thoracic malignancy with 

radiographic evidence of metastasis to ipsilateral pleura or lung on radiological 

imaging. 

               or 

c/. Pathologically confirmed pulmonary/extra-thoracic malignancy with a pleural 

effusion where there is no other clear cause. 

               or 

d/. Radiological evidence of a malignant pleural effusion with a high clinical 

suspicious despite no histological evidence. 

The definitions were modified from a combination of seminal works in the area (4, 50). A 

patient may fit into more than one category but were recorded as the category which has 

the strongest evidence for the effusion being malignant which are in order from a-d. For 

example, patients with positive pleural fluid cytology (a) may also fit into category (c) but 

would be recorded as (a).  

The patients were categorised into groups so the statistical tests could be carried out in 

each subset to check there were no significant differences. Group a. had a very robust 

diagnosis of MPE, whereas there is less certainty in group d.  

Patients with a proven extra-pleural malignancy and an unexplained pleural effusion were 

presumed to have an MPE, regardless of whether a CT report stated that there was pleural 

involvement. The reason that histologically confirmed malignancies without CT evidence of 

involvement were included is due to the low sensitivity of CT scans for detecting malignant 

pleural disease, the negative predictive value was only 65% (73).   
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There are a group of patients who are not suitable for invasive tests and will have a clinical 

diagnosis made which were included despite the lack of pathological diagnosis at any site. 

Excluding these patients could have led to bias, as patients who had a cytology positive 

effusion but a poor performance status will be included, despite not being fit enough for 

more invasive tests. This would have led to a higher rate of reported cytology positivity 

which would not be representative of the patient group as a whole. 

2.1.1.3.2 Transudative effusion or exudative effusion 

Any effusion with pleural fluid protein <30g/L AND LDH <167 U/L was considered a 

transudate. If either protein or LDH was present and above this threshold, the effusion was 

considered to be an exudate. The LDH cut off was 2/3 the upper limit of normal, as per 

Light’s criteria (39). In the hospital the serum protein and LDH levels are not universally 

undertaken so the pleural fluid levels alone have been used as a surrogate. Although this 

means that some exudative effusions could have erroneously been classified as a 

transudate, an assessment will be made of the number of erroneously misclassified 

transudates within the cohort of patients who had serum biochemical tests also taken. 

Likewise, as discussed in section 1.2.1.4, even also using both pleural fluid and serum 

results Light’s criteria is 98.7% sensitive for diagnosing an exudate but only 77.8% specific 

(41). This demonstrates that a very small percentage of transudative effusions are 

misclassified as due to having exudative biochemistry and the majority of these are related 

to diuretic therapy (41).  

2.1.1.3.3 Active or previous cancer  

All patients were assessed as to whether they had a known active malignancy, previous 

malignancy, or no history of malignancy. Active cancer was classified as any patient with a 

known pathologically proven, diagnosis of cancer who had not undergone curative 

treatment. If there was a radiological suspicion of cancer but this had not yet been proven 

by sampling the patient was not considered to have an active cancer as often the pleural 

effusion was the first diagnosis of this malignancy. In patients where no biopsy was 

intended, likely due to risks of obtaining biopsies being higher than the benefits, the 

patients were classed as having a radiological diagnosis, but this only applied if a decision 

had already been made not to take biopsies. This was important as the results of the 

aspiration would not have been classified as changing management, in comparison to 

patients where a diagnosis was made from an aspiration or biopsies, even if no further 

treatment resulted. Previous cancer included any patient who had completed a curative 
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treatment and no recurrence had been proven at the time. Recurrence was determined 

when there was pathological proof of recurrence or strong enough radiological evidence in 

the clinical context that pathological evidence was not required to guide management. 

Patients with radiology which showed suspicion of recurrence, but it had not been proven 

were considered to have previous, not active cancer. 

2.1.1.3.4 Ultrasound assessment of effusion size 

The ultrasound criteria are based on accepted practice within the respiratory unit and 

recorded exactly as below on the procedure forms. The radiology team are aware of these 

criteria and document the size of effusions at times. This analysis has assumed that the 

radiology reporting of size is the same as the respiratory team.  

• Small – less than 1 rib space 

• Moderate – 2-3 rib spaces 

• Large – 4 or greater number of rib spaces 

2.1.1.3.5 Actionable cytology 

For the purposes of this study, I chose to create a definition of “Actionable cytology”, 

directly relevant to patient treatment pathways. From here on, this is defined as a cytology 

sample which is sufficient to: 

• Plan oncological treatment,  

• Confirm the aetiology of a malignancy,  

• Upstage or downstage an effusion in patients with known malignancy,  

• Provide a new diagnosis in patients without a previous pathological diagnosis 

or  

• Provide confirmation of the type of malignancy, receptor or mutation status 

which confirms that there are no suitable treatment options for the patient. 

This is often in the case of patients who would not be fit enough for 

chemotherapy, but would have been suitable for hormone or immunotherapy, 

if this was indicated. 

 

2.1.1.3.6 Categories of intervention needed 

These were defined as 

a/. Single therapeutic aspiration (one aspiration) 
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or 

b/. Multiple therapeutic aspirations but no other procedures (multiple aspirations) 

               or 

c/. ‘Other’ procedures – thoracoscopy without talc, chest drain remaining in situ 

without talc or pleural biopsies (but where autopleurodesis could occur – see 

below) 

               or 

d/. Definitive procedure – chest drain and pleurodesis, IPC insertion or surgical 

intervention with the aim of pleurodesis 

 

The reason other procedures, such as chest drain insertion and thoracoscopy are separated 

from multiple therapeutic aspirations is due to possibility of autopleurodesis in these 

patients. A small trial of 20 patients showed that there was an absence of lung sliding in 

patients before talc was instilled in some of the cohort (263). It was hypothesised that 

inflammation caused by having a chest drain in situ alone could be sufficient to induce 

pleurodesis. Blood patches are also used to induce pleurodesis (245) and procedures which 

involve taking pleural biopsies, such as thoracoscopy often produce a reasonable degree of 

bleeding which could lead to a pleurodesis. It therefore seemed sensible to separate the 

procedures which were planned to offer a definitive management strategy (e.g. chest drain 

and pleurodesis) from those which offered no definitive management (aspiration alone) or 

those where pleurodesis may have occurred, even if it was not the primary intention. It is 

possible that aspirations alone could lead to pleurodesis but, in general, the catheter 

remains in situ for a small amount of time so would theoretically be much less likely to 

produce inflammation, although there is no direct evidence for this question. 

2.1.1.4 Pleurodesis Failure 

This was defined as the need for further pleural procedures within 3 months of the attempt 

at pleurodesis. This was chosen as it is a patient centred outcome rather than a radiological 

outcome which relates more to the patient centred focus in a group of palliative patients. 

2.1.1.5 Data Quality  

The clinical outcomes for the year after the patient’s first pleural fluid sample sent was 

reviewed to ensure that no new diagnosis of malignancy was reached to identify any 

results which were likely to be a false negative. The data for all patients who were deemed 

to have an MPE were checked by a second clinician. 
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2.1.1.6 Data Analysis 

Data was assessed for normality, with normally distributed data analysed using t tests and 

non-normally distributed data analysed using the Mann Whitney U test. For normally 

distributed data, outliers (>3 Standard Deviations: SD from the mean). Proportional data 

was analysed using the chi squared test where sufficient events occurred. For normally 

distributed paired data a paired t test was used, for non-normally distributed data a 

Wilcoxon signed rank test was used. Missing data was not imputed. 

2.1.1.7 Missing data 

In cases where information was not available for a relevant question (e.g. whether further 

pleural interventions were needed) as the patient had been lost to follow up, the cases 

were excluded from that analysis alone. This was also the case if there was insufficient 

data, or the data was too poor quality to answer the clinical question. No best case or 

worse cases analysis was used as the review is aimed at generating valid hypotheses which 

can be tested in a prospective manner in the future. 

2.1.2 The relevance of transudative biochemistry 

Does the identification of transudative biochemistry in pleural fluid prevent the need for 

further investigations into the possibility of an underlying MPE? 

2.1.2.1 Hypothesis 

Evidence of transudative biochemistry can reassure the clinician that further investigations 

for MPE are not needed. 

2.1.2.2 Study description 

I designed a retrospective study in patients who had pleural fluid samples sent over a 

three-year period. This was a pragmatic design as it allowed a large volume of data to be 

reviewed, including an adequate follow up period of 1 year to detect any false negative 

results. It is accepted that this design increases the risk of missing data and does not allow 

for the assessment of any part of the algorithm which requires a knowledge of the 

interpretation of clinical factors by the treating physician, as this data was not available for 

a large proportion of the patients. 
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2.1.2.3 Inclusion criteria 

• Patients who had a pleural fluid sample sent for biochemical or cytological testing 

between 1st January 2015 – 31st December 2017 

• Any patient pleural fluid protein <30 g/L AND LDH <167 U/L  

2.1.2.4 Exclusion criteria 

• Patients who had samples sent in the 6 months prior to January 2015 

2.1.2.5 Data Collection 

For patients with transudative effusions, the rate of MPE in this population were 

established. Clinical information was reviewed for the patients with transudative effusions 

without MPE to determine whether further investigation of their effusion was undertaken 

and the clinician reasons for this. The information for these decisions are only likely to be 

available in the outpatient population or where the ward round information is available 

online for the inpatient population. 

An assessment was made of whether patients with borderline transudative effusions could 

have been misclassified due to lack of serum results. If all samples were assessed, including 

those with very low protein and LDH levels, it could falsely reassure clinicians that the 

number of misclassified transudates were smaller than in reality. Likewise, if only those 

with very borderline results were assessed, then the total numbers would be too small to 

draw any conclusions and could miss some relevant cases. A cut off for pleural fluid protein 

levels of 20g/L was used it was thought to be clinically relevant due to the small likelihood 

of missing exudative effusions, as serum protein is rarely below 40g/L (due to the criteria 

requiring a transudate to be <0.5 of serum to PF protein) but did exclude a number of 

patients where the assessment was likely to be negative. The cut off for LDH of >99 

represents around 0.6 of the lower limit of normal serum LDH, which again seemed 

clinically relevant.  

Those patients with a transudative effusion and documentation from a respiration 

physician detailing the reason for aspiration and interpretation of the results will be 

included in a further analysis. Many patients have effusions related to transudative 

pathologies, but these are not sampled as the underlying cause should be managed and 

this will have been considered if the patient has been seen by a respiratory physician. The 

physician’s decision making, once they had seen the pleural fluid results, was also 
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important to determine how likely transudative results were to stop further investigations 

or surveillance being undertaken in expert hands. 

Likewise, patients who have a transudative aspirate in an emergency, critical care or 

surgical setting are likely to have had this undertaken for treatment, rather than diagnosis 

(as these procedures are usually only undertaken in these areas in unwell inpatients) so are 

less relevant to the hypothesis which is being addressed.   

2.1.3 The utility of cytology in diagnosis and management of MPE 

How often does the pleural fluid from the initial aspiration provide sufficient information to 

guide further management in patients with MPE and can this be predicted? 

2.1.3.1 Hypothesis 

An initial pleural aspiration sample can, at times, provide enough information to prevent 

further biopsies being needed to guide management (including oncological treatments) for 

patients with MPE. A further hypothesis is that factors which can be assessed pre-

procedure can predict which patients will have positive pleural fluid cytology. 

2.1.3.2 Study design 

To generate more specific hypotheses for further studies, within the time period for this 

PhD a retrospective review of patients who had pleural fluid samples sent a three-year 

period was conducted. This was a pragmatic design as it allowed a large volume of data to 

be reviewed, including an adequate follow up period of 1 year to detect any false negative 

results.  This design does increase the risk of missing data and it does not allow for the 

assessment of any part of the algorithm which requires a knowledge of the interpretation 

of clinical factors by the treating physician. 

2.1.3.3 Inclusion criteria 

• Patients who had a pleural fluid sample sent for biochemical or cytological testing 

between 1st January 2015 – 31st December 2017 and the aetiology of the effusion 

was an MPE.  

2.1.3.4 Exclusion criteria 

• Patients who had samples sent in the 6 months prior to January 2015 

• Any patient who was undergoing an aspiration solely for symptomatic relief 
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2.1.3.5 Diagnostic Standards  

The retrospective nature and heterogeneity of reporting of cytology samples poses a 

problem regarding whether the sample was sufficient for all testing or not. The relevance 

of this relates to whether the patient could have treatment from the information provided 

from the cytology. In this case, the need for a repeat biopsy or not is of greater interest 

than the absolute number of molecular tests which could be performed. Patients who 

would not be well enough for all oncological treatments, sometimes require a diagnosis for 

prognosis, or to differentiate between types of cancer which are treatable with milder 

therapies (such as hormonal or immunotherapies). In these cases, the cytology may be 

enough to change management even when not all molecular tests can be undertaken. The 

information regarding management decisions is available in clinic letters and the lack of 

detailed, prospective cytological comments does not impair the validity of the analysis. 

In patients who were had a new diagnosis of an MPE, their clinical notes were reviewed to 

determine whether an aspiration was sufficient to guide their ongoing management as this 

was often assessed at a multidisciplinary meeting which was recorded on the EPR.  

For the diagnostic question, all patients with MPE were included except those where the 

aspiration was being performed in a patient with known cancer only for symptomatic 

management. Cases where patients with a known malignancy, but aspiration was to 

confirm whether the effusion was related to their known malignancy, as the clinical picture 

was unclear, or for those in which further material was needed to test for mutations or 

receptor status were included. This information was assessed from the electronic notes, 

clinic letters and the documentation on the procedure requests.  

2.1.3.6 Definition of change in oncological treatment 

A change in oncological treatment was defined as initiation or change of any valid 

treatment option for the type of malignancy, including change in chemotherapy regimens, 

initiation of steroids (in cases where this was an appropriate treatment option e.g. 

lymphoma) or any other hormonal, immunotherapy or systemic anti-cancer treatments. 

2.1.3.7 Data Quality 

The possible omissions of certain patients or information if procedures were missed should 

not significantly affect the validity of the data. This is on the basis that patients being 

investigated for MPE are likely to undergo more than one intervention, either diagnostic or 

therapeutic which would be captured in this set of patients. 
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2.1.4 Therapeutic aspiration as the sole management for MPE 

Can a large volume aspiration be sufficient in any patients with MPE to prevent further 

pleural procedures needing to be undertaken? 

2.1.4.1 Hypothesis 

A single large volume aspiration can provide enough symptomatic relief for any patients 

with MPE but especially those who have either a poor prognosis or are likely to undergo 

chemotherapy which could lead to long term resolution of their effusion.  

2.1.4.2 Study Design 

As per 2.1.3.3 

2.1.4.3 Inclusion criteria 

• All patients with MPE who had an initial therapeutic procedure where greater than 

200mls of fluid was removed 

2.1.4.4 Exclusion criteria  

• Patients lost to follow up 

2.1.4.5 Definitions 

2.1.4.5.1 Therapeutic procedure 

A therapeutic procedure was classified as an aspiration of more than 200mls of fluid as the 

hypothesis relates to symptomatic benefit. It is reasonable to send over 100mls in samples 

but larger volumes than this are not warranted so any further aspiration would be for 

symptomatic benefit for the patient. This was the smallest volume of fluid sent in patients 

who had an improvement in dyspnoea in the study by Psallidas et al (10).  

2.1.4.5.2 Censor 

Data regarding which procedures the patient underwent during their lifetime of until the 

date of censure (31.12.2018) were collected and categorised into groups. Factors such as 

initiation of chemotherapy, cancer type and fluid volume were collected to establish 

whether these affected which patients may only need one aspiration.  

2.1.4.5.3 Limitations 

This study documented which patients needed further pleural procedures after a review of 

the procedure reports and electronic patient records. A significant flaw with how the actual 
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study was undertaken is that the patient symptom scores were not available and there was 

no robust method to determine whether further procedures were indicated but not 

undertaken (often due to a clinical deterioration and a palliative approach). The 

information from electronic medical records can be reviewed to determine whether 

patients had re-presented and needed another aspiration, but it would not encompass 

patients who developed symptom recurrence which was managed by palliative 

medications rather than intervention.  

2.1.4.5.4 Chemotherapy 

The analysis for patients undergoing chemotherapy used a cut-off of chemotherapy 

starting within 2 months of the diagnosis. This is based on the 62-day cancer pathway of 

the time period in which treatment should be started for patients with cancer. The flaw 

with this is that there is a time period in which fluid can recur prior to starting 

chemotherapy or the chemotherapy taking full effect. Whilst this is a flaw in the hypothesis 

regarding whether chemotherapy prevents fluid recurrence, the analysis will provide real 

world data on whether the aspiration alone is suitable for these patients, on the 

understanding that the pathway to chemotherapy is unlikely to be appreciably shortened 

without large changes to the service.  

Directly assessing the response to chemotherapy would be more difficult as there will 

always be a lag between diagnosis and starting treatment, due to the time from diagnosis 

to referral to oncology to starting treatment. If patients with known lymphoma or small cell 

lung cancer developed an effusion, treatment could be started more promptly but the 

patients are less likely to be treatment naive and this again would not be reproducible to 

the population as a whole. 

2.1.5 The identification of non-expansile lung  

2.1.5.1 Hypothesis 

A large volume aspiration can demonstrate which patients have non-expansile lung and 

these patients are less likely to benefit from pleurodesis rather than an indwelling pleural 

catheter. 

2.1.5.2 Study Design 

The same retrospective cohort of patients with MPE was used. Chest radiographs (and CT 

scans on occasion) were available to determine whether the patient was non-expansile or 
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not. The radiology within 24 hours of the aspiration, and afterwards, all subsequent 

radiology, was reviewed by two chest physicians to determine whether there was evidence 

of non-expandable lung.  

2.1.5.2.1 Pleurodesis assessment 

The first assessment was whether the appearances on the chest radiograph after an initial 

therapeutic aspiration would prevent a physician offering an attempt at pleurodesis due to 

evidence of NEL. The assessors were presented with the anonymised chest radiographs and 

asked to decide whether they would advise a hypothetical patient against having a 

pleurodesis on the basis NEL on that radiograph. This was assessed by two respiratory 

physicians and the kappa was calculated.  

The second assessment was whether there was evidence of NEL on any of the imaging after 

the initial aspiration. It is well recognised that air can be entrained during thoracoscopy or 

the inserting of an IPC so the radiographs immediately after these procedures were 

discounted as the air within the pleural space would not be representative of truly non-

expansile lung. Subsequent radiographs could be used in the assessment if the 

pneumothorax did not resolve. 

2.1.5.2.2 Diagnostic criteria for NEL 

There are no universally accepted criteria for the diagnosis of NEL. Pre-specified criteria 

were needed due to the heterogeneity of reporting of this phenomenon. The use of 

different categories (as below) allows for sensitivity analyses to be undertaken improving 

the validity of any conclusions drawn. If the results are the same when assessing the 

categorical instances of non-expansile lung and when assessing all instances of NEL this 

signifies that the identification of these patients as one cohort is more likely to be robust. 

The categories also allow for the hypotheses regarding whether the degree of apposition is 

relevant by classifying patients into those where there is clear evidence of NEL compared to 

those with only a suspicion of, or subtle NEL. 

2.1.5.3 Definitions and Scoring for NEL 

These classifications were created to try and quantify NEL as there is currently no clear 

diagnostic criteria for this phenomenon. Due to the discussion in section 1.3.5 about 

whether any degree of NEL could lead to a failed pleurodesis it is important to try and 

separate these out. Likewise, it is important to recognise that, when complete fluid 

drainage has not occurred, it is difficult to completely exclude an element of NEL so these 



119 
 

categories will allow for a sensitivity analysis to be undertaken, initially using a combination 

of a & b as expansile and c & d as NEL, then break these down into four groups to assess 

whether the different categories affect the results. 

a/. Proven Expansile – clear visualisation of the costophrenic angle and no other 

evidence of fluid or air within the pleural cavity 

or 

b/. No evidence of non-expansile lung – no evidence of air in the pleural cavity and 

no evidence which would suggest trapping  

               or 

c/. Probably non-expansile – small volume of air in the pleural cavity and/or 

evidence of visceral pleural thickening and pattern of pleural fluid which would not 

be consistent with normal gravitational distribution of fluid. 

               or 

d/. Proven non-expansile – clear evidence of air in the pleural cavity preventing 

pleural apposition in part to all of the hemithorax 

 

Unequivocal NEL was when both reviewers recorded proven NEL. 

Scorers were also asked to record whether there was evidence of a patient developing non-

expansile lung during the course of their chest radiographs, in cases where there had been 

evidence of expansile lung at an earlier point in time.  

Any discrepancies were resolved by a third reviewer. Cases where the lung was ‘proved 

expansile’ or had ‘no evidence of non-expansile lung’ were considered expansile and those 

which were ‘probably non-expansile’ or ‘proven non-expansile’ were considered to have 

non-expandable lung for the analysis. Analyses were undertaken taken the four categories 

into account to ensure the validity of the results.  

2.2 PREDICTORS OF PLEURODESIS SUCCESS  

Can predictors of pleurodesis success be identified from data collected from the TIME1 

clinical trial? 

2.2.1.1 Hypothesis 

Successful pleurodesis is caused by the formation of adhesions which leads to symphysis of 

the pleural surfaces, thus obliterating the pleural space. It has been postulated that pleural 
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inflammation is the trigger which leads to this symphysis. Inflammation, within the pleural, 

which is a highly innervated area, could lead to high levels of pain for patients. Intrapleural 

inflammation can also result in a systemic response which may be detectable in the serum. 

There is some evidence to suggest that patients with MPM have lower rates of pleurodesis 

success due to a reduced amount of normal pleural which has been suggested is necessary 

to allow pleural symphysis to develop. Achieving a successful pleurodesis is thought to 

require a dry pleural space, to allow the adhesions to form. In cases where there is a large 

volume of fluid produced, this may not be the case. In conclusion, pain, inflammation, type 

of malignancy and volume or duration of drainage may affect the likelihood of pleurodesis 

success. 

2.2.1.2 Data set 

This retrospective analysis is based on data from the prospectively collected TIME1 trial 

data. The TIME1 trial (50) enrolled 320 patients with MPE who underwent talc pleurodesis 

(either at thoracoscopy, or with talc slurry after insertion of an intercostal chest drain). 

Patients were randomised to either receive a 24F or 12F chest drain and either opiate or 

non-steroidal anti-inflammatory medication (NSAIDs) in a 2 x 2 factorial design, with co-

primary outcomes being pleurodesis success at three months and pain.  

Pain was measured with a validated tool (100mm Visual Analogue Score: VAS) 4 times per 

day at 8am, 12noon, 4pm and 8pm. A mean pain score was calculated using all 

measurements from randomisation to drain removal. Pleurodesis failure was defined on 

pre-hoc objective criteria as below (19, 50, 277).  

2.2.1.3 Pleurodesis Failure Criteria 

Required a further pleural intervention for relief of breathlessness on the same side as the 

pleurodesis in the 3 months after randomization. Need for further intervention was 

standardised to include: 

• Symptoms and a chest radiograph demonstrating 50% or more of the hemithorax 

occupied by fluid 

• symptoms and less than 50% of hemithorax occupied by fluid were referred for 

further pleural intervention only if the attending clinician discussed the case with a 

second clinician blinded to treatment group and consensus was reached regarding 

further treatment 
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2.2.1.4 Inclusion Criteria 

• Adults aged 18 years or older  

• diagnosis of a symptomatic malignant pleural effusion that was clinically 

determined to require pleurodesis.  

 

2.2.1.4.1 Malignant pleural effusions definition (one of) 

• Histocytologically proven pleural malignancy; 

• Typical features of pleural malignancy visualized during thoracoscopy; or  

• Pleural effusion in the context of histologically proven cancer elsewhere. 

 

2.2.1.5 Exclusion Criteria 

• Primary lymphoma or small cell lung carcinoma (due to likely chemosensitivity and 

therefore no need for pleurodesis);  

• Pregnant or lactating women 

• History of gastrointestinal bleeding or of untreated peptic ulceration,  

• Known sensitivity to NSAIDs or opiates,  

• Hypercapnic respiratory failure,  

• Current intravenous drug misuse,  

• Severe renal or liver disease,  

• Known bleeding diathesis,  

• current warfarin therapy,  

• Expected survival less than 1 month. 

 

2.2.1.6 Analgesic protocol 

• All patients received paracetamol 1g QDS 

• The NSAID arm received ibuprofen orally 800mg TDS 

• The opiate arm received oral morphine 10mg QDS, increasing to 20mg QDS if 

needed. 
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2.2.1.7 VAS protocol 

Patients completed a VAS score for pain 4 times per day in the TIME 1 trial (50). In this 

analysis the average VAS for each patient was calculated on a daily basis to produce one 

overall VAS value for the day. These values were then used for the analysis.  

2.2.1.8 Outcomes and variables 

The primary outcome of pleurodesis success was defined as no requirement for further 

pleural intervention on the ipsilateral side for breathlessness in the three months after 

pleurodesis (50), and objective scoring of chest X-rays in cases where intervention was not 

required. Variables with potential association with pleurodesis success were investigated 

using this dataset.  

Potential factors associated with pleurodesis were tested using data described below; with 

all definitions established prior to analysis: 

1. Changes in systemic inflammatory markers (C-reactive protein (CRP) and white cell 

count (WCC), measured on the day of pleurodesis (Day 0) and one day after (Day 

1)). 

2. Changes in pain score (measured at baseline and four times per day, using 100mm 

VAS). The average of the available data for each 24-hour period was used, with 

scores used over the first 48-hour period only, as inflammation from pleurodesis is 

likely to have occurred over that time period. 

3. Volume of pleural fluid drained. Total fluid drained from drain insertion to time of 

pleurodesis was used in the non-thoracoscopy group and total fluid drained during 

the procedure used in the thoracoscopy group. 

4. Duration of symptoms (time of symptom onset, suspected to be due to MPE, until 

randomisation) 

5. Time to complete drainage, defined as time from drain insertion until slurry 

instillation for non-thoracoscopy group (assumed as 0 days for the thoracoscopy 

group where full drainage occurred at initial procedure). 

6. Underlying malignancy (MPM versus other pathological cancer types; those 

without a definite oncological diagnosis were excluded from the MPM analysis) 
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2.2.1.9 Statistical Analysis 

Data was assessed for normality, with normally distributed data analysed using t tests and 

non-normally distributed data analysed using the Mann Whitney U test. For normally 

distributed data, outliers (>3 Standard Deviations: SD from the mean) were excluded – 

these are likely to be outlying figures and use of these individual bits of data would render 

the dataset non-normal, therefore reduce statistical comparative power. Proportional data 

was analysed using the 2 test where sufficient events occurred. For normally distributed 

paired data a paired t test was used, for non-normally distributed data a Wilcoxon signed 

rank test was used. Missing data was not imputed. 

 

2.3 PREVENTING CHEST DRAIN DISPLACEMENT 

2.3.1 Hypothesis 

Chest drain displacement can prevent the instillation of sterile talc or prevent drainage of 

fluid after talc is instilled. If there are concerns that some of the drainage holes are sited in 

the subcutaneous tissues, clinicians may not introduce talc due to concerns regarding 

tissue and skin reactions to talc is instilled incorrectly. Likewise, if the drain displaces 

shortly after talc instillation, ongoing drainage of the pleural cavity will not be possible and 

the fluid which is often produced as a reaction to talc may remain in situ and prevent 

pleural apposition and therefore pleurodesis. Introduction of a ballooned intercostal drain 

may prevent drain displacement and therefore improve the chances of patients 

experiencing a successful pleurodesis. This would need to be achieved without significant 

adverse events to make the intervention worthwhile.  

2.3.2 Study design 

The study undertaken used broader inclusion criteria to specifically answer the question of 

drain displacement. The assumption was made that if the drain was deemed to be in an 

adequate position, and not displaced then pleurodesis would be given if clinically indicated. 

There is a possibility that unforeseen factors, could increase the rates of pleurodesis 

success which the current trial may not identify, but a specific question regarding 

pleurodesis success or failure was included in the data capture. The broader inclusion 

criteria were needed due to the large numbers needed to power the study to show a 

difference between the arms if it was evident.  
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This is a prospective, randomised, interventional clinical study to compare the rate of 

unintentional / accidental chest drain displacement rate (UACDR) between standard care 

and a ballooned intercostal drain. Patients undergoing intercostal drainage of either pleural 

effusion or pneumothorax as an in-patient as deemed necessary by the managing physician 

will be randomised on a 1:1 basis to undergo intercostal drain drainage with either a 

standard intercostal drain or the study drain. 

 

Randomisation occurred via web-based programme and occur with minimisation for the 

following:  

• Recruitment Centre 

• Primary indication:  

o Pneumothorax 

o MPE 

o Infection 

o Other 

This is to account for the differences in time that the drain is in situ, patient population as 

these are often different between those with pleural infection and pneumothorax 

compared to those with MPE. Minimisation by recruitment centre is relevant as it should 

account for differences in fixation skill, experience and technique along with the 

management of chest drains on the ward. 

 

2.3.3 Study Intervention and rationale 

Subjects randomised to the control arm will have a standard Seldinger-type non-ballooned 

intercostal drain and those in the intervention arm will have the balloon drain inserted at 

the earliest opportunity as per standard hospital protocols using local anaesthetic, 

ultrasound guidance (where appropriate) and conscious sedation (where appropriate). The 

study drain will be 12F drain as this is reflective of clinical practice. The drain size of the 

control arm will be the same as the size of the trial drain.  

The ballooned drain was produced by Rocket Medical who provided the balloon drain, 

equipment for the trial and a small grant for administration and necessary consumables. 

The device was developed and tested following a fully audited design platform following 

international and European standards for the development of medical devices. The 
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biological safety and testing standards do not advocate animal testing routinely, and as a 

non-implantable device it was not required. A pilot study of 20 patients was undertaken 

prior to the BASIC trial which did not demonstrate any safety concerns (272). 

Figure 20. Inflated balloon drain  

 

The standard drain will aim to be inserted to match the depth of insertion needed for the 

interventional drain. It must also be stitched in place (single standard chest drain holding 

suture which allows a degree of standardization but there will still be differences in 

suturing technique) and secured using bespoke drain holding dressing which will be 

standardized across the entire study.  

The decision was made not to prevent suturing of the interventional drain as the evidence 

shows that despite adequate suturing, drains still displace. This study focusses on whether 

an adjunct to suturing can improve outcomes, not replace the suture itself. In radiology the 

operators do not always suture their drains, so the protocol allows for the interventional 

drain not to be sutured to reflect clinical practice and encourage recruitment in all clinical 

areas.  

Should any drain in the study become displaced and required re-siting, a standard non-

ballooned intercostal drain will be inserted, with size determined by clinical need as 

assessed by the clinical team. The timing of further drain insertion and drainage time will 

be recorded.  
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All other aspects of their treatment will be identical to usual clinical care, including chest 

drain checks and fluid drainage strategies, with trial specific instructions available to all 

sites for each disease area.   

2.3.4 Primary objective 

To compare the unintentional / accidental chest drain displacement rate (UACDR) between 

standard care and a balloon intercostal drain of the same size. Both displacement and drain 

fall out are included as both are clinically significant outcomes and often prevent patients 

having instillation of talc during attempted pleurodesis as there are concerns that the talc 

could be introduced into the subcutaneous tissues.  

Before a decision is made clinically to remove / reposition the drain, the chest drain: 

• Falls out of the pleural cavity completely 

• Is displaced such that side drainage holes are clinically no longer in the pleural 

cavity (for example, flushes resulting in water on the skin / dressings), as judged by 

the local PI or delegated person. 

• Is withdrawn any amount such that the displacement stopped the drain from 

functioning adequately. 

• Is withdrawn by a significant amount according to the local PI or delegated person 

• Is confirmed to be displaced by any radiological investigation such as chest X-ray, 

CT or ultrasound. 

 

2.3.5 Secondary objectives 

1) To assess the frequency complications such as balloon rupture, drain blockage or other 

drain related complications 

- Assess balloon rupture in the interventional arm only, by inflation of the 

balloon with saline after removal (accidental or intentional) from the pleural 

space. 

- Assessed by review of medical notes or patient review whilst the original chest 

drain is in situ 
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2.3.6 Schematic of trial design 

Figure 21. Schematic of BASIC trial design 
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2.3.7 Eligibility criteria  

2.3.7.1 Inclusion criteria 

1. Patients aged 18 years or over 

2. Patients able to give written informed consent 

3. Patients requiring intercostal drain drainage for clinical reasons 

 

2.3.7.1.1 Examples of clinical reasons include: 

a. Drainage of malignant pleural effusion (with or without a view to 

pleurodesis) 

b. Drainage of pneumothorax (primary or secondary) 

c. Drainage of pleural infection (prior to any surgical intervention) 

d. Drainage of any effusion not in the above diagnostic categories 

 

A number of conditions are to be included in this pragmatic study of drain management in 

order to ensure external validity of any trial result, and to provide a wide base for 

recruitment. In call cases, it is a requirement that the drain is clinically intended to remain 

in situ for at least 24 hours (but a subsequent decision to remove within 24 hours, due to 

clinical reasons, is acceptable). The requirement above is to ensure that patients being 

treated for “short term” drainage are NOT included in this study as displacement within 24 

hours is much less likely to happen and the results would not be applicable for the majority 

of pleural patients. 

2.3.7.2 Exclusion criteria 

1. Inability to provide written informed consent 

2. Requiring a large bore drain. 

3. Frank haemothorax (requiring a large bore chest) 

4. Pleural space (known prior to intervention) to be too small to place either standard 

or interventional drain. 

5. Drain planned to be in situ for less than 24 hours. 

6. Any contraindication to chest drain insertion (such as uncorrected clotting 

abnormality) 
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7. Any patient in acute pain or with an emergency presentation where consideration 

of the study would inappropriately delay patient care. 

 

2.3.8 Definitions 

Final diagnosis will be confirmed on meeting one of the criteria below: 

Malignant pleural effusion diagnosis is made by one of the following: 

• Histological or cytological diagnosis of pleural malignancy OR 

• Pleural effusion in the context of histologically proven cancer elsewhere 

 

Pleural infection diagnosis is made by one of the following: 

• Pleural fluid pH of ≤7.2 in the context of infection OR 

• Pleural fluid glucose ≤3.4 in the context of infection OR 

• Strong clinical suspicion of pleural infection provided by clinical or radiological 

information OR 

• Frank pus in the pleural space or positive microbiology from pleural fluid samples 

 

Pneumothorax is defined as air in the pleural space. Other causes include parapneumonic 

effusions, hydropneumothorax, transudative effusions, reactive effusions, effusion of 

unknown aetiology.  

The final point of data collection will be 30 days after the original study drain was removed.  

2.3.9 Sample size calculation 

Based on data from previous studies of drain fall-out rates with standard intercostal drains 

and data from the pilot study of ballooned drains, 66 recruited subjects will be required in 

each arm of the trial on the basis of the following assumptions: 

Binary data (drain displaced; drain not displaced) 

Power: 0.8 

Level of significance: 0.05 
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Fall-out rate in pilot study: 5% 

Fall-out rate in previous studies: 21%  

Estimated sample size calculation: 66 in each arm  

Calculation based on the formula: 

n = f(α/2, β) × [p1 × (100 − p1) + p2 × (100 − p2)] / (p2 − p1)2 

where p1 and p2 are the percent 'success' in the control and experimental group 

respectively and f(α, β) = [Φ-1(α) + Φ-1(β)]2.  Φ-1 is the cumulative distribution function of a 

standardised normal deviate. 

Allowing for a ~2% withdrawal rate (which is realistic as this is a short-term study only), the 

estimated combined sample size for the study is 136 subjects. 

It is estimated that recruitment will take up to 18 months, aiming for approximately 1 

patient per site per month. 

At 50% recruitment the assumption that 21% of non-balloon drains would displace was 

reviewed by the trial steering committee. This showed that the rate of displacement in the 

control arm was only 12%. After discussion at the trial steering committee and a review of 

the pilot study it was concluded that it was reasonable to reduce the assumption for the 

balloon drain displacement to 3% as it was suspected that the one drain which displaced in 

the pilot study was not inflated within the pleural space. This led to a new sample size of 

267 patients. 

3 RESULTS 

3.1 PLEURAL ASPIRATION IN THE INVESTIGATION AND MANAGEMENT OF MALIGNANT 

PLEURAL EFFUSIONS 

3.1.1.1 Demographics 

After a search of the radiology and pleural procedure databases, the information was cross 

referenced with pleural fluid results on the pathology system and in total, 998 patients met 

the inclusion criteria. Of the 998 cases, 561 were male and 337 female, the age ranged 

from 17 to 98 (median & IQR). The majority of patients (582) had no history of cancer, 243 

had current active cancer, an additional 16 had a radiological diagnosis of cancer and 156 

had a previous history of cancer where curative treatment had been completed.  
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Three patients with MPE had an organism grown on enrichment but all were clinically 

considered to be contaminants rather than a sign of active pleural infection. 

Table 7. Final diagnosis from first aspiration 

Aetiology of the effusion  Number (%) 

Benign asbestos related pleural effusion (BAPE) 17 

Post cardiac surgery (Cardiac Intervention) 12 

Congestive cardiac failure (CCF) 102 

Combined aetiologies (Combination) 23 

Pleural infection  111 

Parapneumonic effusion (PPE) 84 

Critical illness related or complicated post-operative course (Critical) 65 

Connective tissue disease (CTD) 12 

Hepatic hydrothorax (Hepatic) 19 

Malignant pleural effusion (MPE) 324 

Other (including trauma, chylothorax and ) 34 

Non-specific pleuritis (NSP) 49 

Renal failure, dialysis or hypoalbuminaemia (Overload – non CCF) 7 

Pulmonary embolism (PE) 4 

Tuberculosis related (TB) 8 

Undiagnosed 127 

Total  998 

 
Figure 22. Final diagnoses from first aspiration 
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3.1.1.2 Data Quality – entire cohort 

Due to the retrospective nature of the data collection, there was an expected volume of 

missing information. As per the BTS guidelines, pleural fluid protein, LDH, glucose, pH and 

cytology are recommended, along with microbiological culture as described above.  

Table 8. Number of cases where recommended testing was completed 

 Valid (n) Missing (n) 

Glucose 879 109 

LDH 905 93 

Protein 924 74 

Cytology 923 75 

pH 233 765 

 

Although there appears to be a large amount of missing data for pH, this test often does 

not change management unless pleural infection is considered so a clinical decision made 

have been made not to undertake this test. 

In 24 patients, a new malignancy diagnosed within a year of the original aspiration. After 

review of the clinical information, it was concluded that the original effusion did not 

represent an MPE, for example where a new localised, early-stage cancer had developed 

which would not be expected to have any metastatic spread. Of these patients, 6 had their 

pleural space cleared during thoracoscopy or VATS, 8 patients had malignancies which 

would not be consistent with MPE (T1-2, N0 lung cancer, renal cell cancer under 

surveillance, localised nasal tumours), 5 effusions were directly after a planned curative 

resection and are likely to be post-operative, the remaining 6 were concluded, on the 

balance of probability, not to have sufficient evidence to conclude that the effusion 

represented an MPE.  

3.1.1.3 Data Quality – MPE cohort 

Size of effusion prior to intervention was assessed by ultrasound and CXR. Pre-procedure 

ultrasound assessment was present in 260/325 (80%) patients. All patients who underwent 

a procedure performed by the respiratory team had the size of the effusion documented, 

unless the reporting was incomplete whereas not all patients had the effusion size 

recorded on a radiology procedural report.  
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3.1.2 The relevance of transudative biochemistry 

Do biochemical results demonstrating a transudative effusion prevent the need for further 

investigations? 

3.1.2.1 Data Quality 

Transudative effusions accounted for 176 of the first pleural aspiration results recorded. 

Matched serum samples were not available for all patients to fully assess using Light’s 

criteria. Patients with borderline transudates were assessed to determine whether any of 

the results could have been misclassified. 46 patients had both a borderline pleural fluid 

LDH (>99) and protein (>19). A further 35 patients had a PF protein level >19 but a PF LDH 

<=99 and 24 had an LDH level >99 but a PF protein of <=19. Of patients with borderline 

values (n=105), 27 patients had serum samples taken for total protein, LDH or both. Using 

the serum results 4/27 (14.8%, 95% CI 1.4-28.2%) were misclassified as a transudate when 

assessment using the paired serum results would have reported them to represent an 

exudate.  

3.1.2.2 Transudative MPE 

In the MPE cohort 14/325 cases had transudative biochemistry (4.3%). 

Of the patients with transudative pleural fluid results, 14/176 (8.0%) were determined to 

represent MPE, 6 of whom had positive pleural fluid cytology, 6 had radiological evidence 

of malignant pleural disease and 2 had a histologically proven malignancy elsewhere with 

no other cause for their effusion. Only 2 of the patients with a final diagnosis of MPE had 

concurrent serum results which had both been correctly classified as a transudate 

according to Light’s criteria. 

There was no significant difference in LDH levels between transudates caused by MPE, 

median 108.5 (IQR 73.5 – 136.25) compared to those caused by other pathologies, median 

88 (IQR 72 – 115.25), p=0.27. Transudates caused by MPE had higher protein levels, median 

26 (IQR 19.5 – 29) compared to those caused by other aetiologies, median 20 (IQR 16-25) 

p=0.016.  

3.1.2.3 Investigation for transudates 

Documentation of clinical decision-making process from a pleural physician regarding the 

reason for the aspiration and interpretation of PF results were available in 58 transudative 

effusions which were considered not to represent MPE. Six aspirations were for symptoms 
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alone rather than diagnosis. In 12/52 (23%) cases, further investigations or biopsies were 

recommended to establish the aetiology of the effusion and in a further 4 patients long 

term surveillance was recommended due to clinical concern. In 40/58 (69%) of cases, the 

transudative results were sufficient to prevent further investigations being undertaken.  

3.1.3 The utility of cytology in diagnosis and management of MPE 

How often does pleural fluid cytology alone provide sufficient information to inform further 

management, especially oncological treatments? 

3.1.3.1 Data Quality 

A total of 325 patients were determined to have an MPE; in 4 cases, cytology was not sent 

on the first aspiration sample. Only one patient of the 325 had a first aspiration which did 

initially fit the criteria for MPE, but a subsequent aspiration 5 months later demonstrated 

an MPE, and a review concluded that the initial aspiration was also likely to represent MPE. 

When assessing whether the first aspiration was able to definitively guide treatment, 

patients who underwent concurrent pleural biopsies (n=12) were excluded from the 

analysis (as taking biopsies could release tumour cells into the effusion prior to aspiration), 

along with those where the aspiration was to rule out a concurrent pathology (such as 

pleural infection) rather than investigate for MPE (n=7). Those without sufficient 

information about treatment planning in this hospital were also excluded (n=5). There were 

two cases in which an aspiration was planned for symptomatic relief but less than 200mls 

were removed which was considered not to represent a therapeutic procedure according 

to prespecified criteria, even though the primary aim was for therapeutic benefit alone so 

was not considered a diagnostic sample either. 

3.1.3.2 Cytology positivity 

Of the patients who had cytology sent, 153/321 (47.7% 95% CI 42.2% – 53.1%) had positive 

pleural fluid cytology on the first sample. A further 43/321 (13.4% 95% CI 9.7 – 17.1%) had 

cytology suspicious for malignancy and 125/321 (38.9% 95% CI 33.6 – 44.3%) patients had 

negative cytology. This gives a 47.7% sensitivity, with 100% specificity. 
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Figure 23. Cytology results of initial aspiration 

 

3.1.3.3 Diagnostic Utility 

In patients where the aspiration was not for symptomatic management alone (n = 173), 

71/173 (41.0%) patients had positive pleural fluid cytology and 2/173 (1.2%) had cytology 

suspicious for malignancy in their first aspiration sample. In total 78/173 (45.1%) patients 

had positive pleural fluid cytology in at least one of their aspirations. A further 63/173 

(36.4%) patients had malignant histology on pleural biopsy and 10/173 (5.8%) patients had 

radiological evidence of pleural involvement and a pathological diagnosis of cancer 

elsewhere but negative cytology. Finally, 14/173 (8.1%) had no evidence of pleural 

involvement on radiology but an unexplained effusion in the case of pathologically proven 

cancer elsewhere and 8 (4.6%) patients had a clinical and radiological of MPE but no 

positive pathology.  
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Figure 24. Diagnostic category for MPE  

 

 

Of all patients with positive pleural fluid cytology on the initial aspiration, where the 

information may be used to answer a diagnostic question (n=71), cytology alone was 

sufficient to guide definitive oncological management in 45/71 (63.4%). Of all patients with 

MPE undergoing an aspiration to answer a diagnostic question (n=173), cytology alone was 

sufficient to guide definitive oncological management in 45/173 (26.0%) overall.  

Figure 25. Pleural fluid cytology sufficient to guide treatment as per cancer type (2 = 26.2, 

6df, p<0.001) 
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3.1.3.4 Predictors of cytology positivity  

We wish to investigate which factors at baseline were associated with a positive cytological 

result and specifically those available pre procedure.   

3.1.3.4.1 Pleural Fluid / Investigative Factors 

In the cohort of patients with MPE where the initial fluid was sent for cytology (n=321), all 

patients had the side that the aspiration was performed on recorded, 308/321 patients had 

the volume of fluid received in the laboratory documented and 258/321 had the size of the 

effusion seen on ultrasound recorded (see section 2.1.1.3.4 for definitions). 

There was no significant difference in volumes of fluid sent for cytology between cytology 

positive and cytology negative effusions (mean 31.20mls vs 29.76mls, p=0.40), or whether 

the effusion was small, moderate or large (2 = 1.94, 2df, p=0.37). The side of the effusion 

did not make a difference to whether the cytology was positive or negative (positive 

cytology on right side 89/190, 46.8% and left sided 64/131, 48.9%, 2 = 0.13, 1df, p=0.72). 

3.1.3.4.2 Demographic factors  

Age and sex were the two demographic factors recorded. Data was available for all 321 

patients. 
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There was a significant difference in ages between the patients with positive and negative 

cytology on the initial aspiration (median 69 vs 74.0 p<0.001, Mann Whitney U). Men had 

lower rate of positive cytology on the initial aspiration at 30% (48/155) of cases compared 

to woman 63.2% (105/166) (2 33.49, 1df, p=<0.001). This finding may be explained by a 

combination of factors: MPM has a male predominance and is associated with negative 

cytology, and breast cancer (which is more likely to have positive cytology (278)) and is 

usually associated with female sex. Both of these tissue types were therefore excluded for 

further analysis, but the male female difference remained significant with 56% (57/102) of 

women with positive cytology compared to 40% (46/115) of men (2 = 5.47, 1df, p=0.19).  

Further confounding factors such as smoking history would be required to perform a 

regression analysis to establish whether gender was independently associated with rate of 

cytology positivity, or whether the cytology positivity was confounded by risk factor or 

cancer predisposition due to gender. The data regarding smoking status was inconsistently 

documented so was not collected in this review.  

3.1.3.4.3 Radiological factors  

Radiological factors which were reported in the literature to have features associated with 

MPE were assessed in this cohort (103, 279).  

The majority of patients who had cytology sent from the pleural fluid sample had a CT scan 

within 2 months of their aspiration, 291/321 (90.7%) in total. If a feature was not 

mentioned on the CT scan report then it was deemed to not be present. CT reports were 

produced by thoracic radiologists when the scans were requested by the respiratory teams, 

but scans reported out of hours or when requested by other specialties were reported by 

thoracic or general radiologists.  

Radiological features which are associated with malignancy were assessed to determine 

whether there was any association with cytology positivity. The information was collected 

from the CT scan report closest in time to the date of the aspiration. 

Table 9. Radiological features associated with positive cytology 

Presence of: Positive Cytology Negative Cytology  

Pleural Thickening 54/146 (37.0%) 88/145 (60.7%) 2 16.36, 1df, p<0.001 

Pleural Nodularity 41/146 (28.1%) 63/145 (43.4%) 2 7.48, 1df, p=0.006 

Masses 29/146 (19.9%) 25/145 (17.2%)  2 0.33, 1df, p=0.57 

Lymphangitis 20/146 (13.7%) 10/145 (6.9%) 2 3.64, 1df, p=0.06 
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Pericardial effusion 13/146 (8.9%) 14/145 (9.7%) 2 0.05, 1df, p= 0.83 

Thoracic lymphadenopathy  85/146 (58.2%) 75/145 (51.7%) 2 1.24, 1df, p = 0.27 

Lung nodules 85/146 (58.2%) 69/145 (47.6%) 2 3.30, 1df, p=0.07 

 

The findings above indicate that pleural thickening and nodularity were associated with 

negative cytology. While this seems somewhat counter intuitive, pleural thickening and 

nodularity may be strongly associated with a diagnosis of MPM, which is known to have a 

low cytological sensitivity. In order to explore this possibility, the analysis was performed 

excluding MPM cases. There were 243 patients remaining in the analysis pleural thickening 

remained significantly predictive of negative cytology: 51/143 (35.6%) patients with pleural 

thickening had positive cytology compared to 50/100 (50.0%) who had negative cytology 

(2 4.98, 1df, p=0.026). Pleural nodularity did not maintained significance (2 3.0, 1df, 

p=0.083).  

3.1.3.5 Predictors of actionable cytology 

The initial aspiration was assessed for whether the cytology findings were ‘actionable’, see 

section 2.1.1.3.5 for definitions where the aspiration was undertaken to obtaining a 

diagnosis or change management. These results were assessed to determine whether any 

of the predictors of positive cytology were also predictive of ‘actionable’ cytology.  

In total, 45/173 (26.0%) patients had actionable PF cytology on the initial aspiration 

compared to 128/173 (74.0%) patients who had negative or non-actionable PF cytology. 

There was no significant difference in volumes of fluid sent for cytology between those 

where it was sufficient to guide treatment and those where it was not (mean 33.17mls vs 

29.93mls, p=0.45), or the size of the effusion as measured on ultrasound (2 0.27, 2df, 

p=0.87). There was also no significant different in age between those with actionable 

cytology and those without (median 72 vs 74 p=0.50, Mann Whitney U) or between the 

gender (2 3.69, 1df, p=0.055). 

3.1.3.6 Radiological predictors of actionable cytology 

There were 173/321 (53.9%) patients where the cytology was deemed actionable or non-

actionable, of which a CT report was also available in 161/321 (50.2%). 

Table 10. Radiological features associated with actionable cytology 
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Presence of: Actionable cytology Non-actionable & 

negative cytology 

 

Pleural Thickening 19/43 (44.2%) 79/118 (66.9%) 2 6.86, 1df, p=0.009 

Pleural Nodularity 13/43 (30.2%) 54/118 (45.8%) 2 3.13, 1df, p=0.077 

Masses 7/43 (16.3%) 16/118 (13.6%) 2 0.19, 1df, p=0.66 

Lymphangitis 9/43 (20.9%) 9/118 (7.6%) 2 5.62, 1df, p=0.018 

Pericardial effusion 4/43 (9.3%) 9/118 (7.6%) 2 0.12, 1df, p=0.73 

Thoracic 

lymphadenopathy  

27/43 (62.8%) 56/118 (47.5%) 2 2.97, 1df, p=0.085 

Lung nodules 25/43 (58.1%) 49/118 (41.5%) 2 3.50, 1df, p=0.061 

 

Pleural thickening was again reassessed once patients with MPM were excluded (n = 117 

remaining) and was found to no longer be significant (2 2.03, 1df, p=0.154). Lymphangitis 

was reassessed excluding patients with breast cancer (n=138 remaining), as these patients 

are known to have higher rates of lymphangitis (280) and have a high rate of positive 

cytology (278); the result remained significant (2 6.29, 1df, p=0.012).  

3.1.4 Therapeutic aspiration alone to achieve symptomatic control 

How often is a single therapeutic aspiration sufficient achieve symptomatic control in 

patients with MPE? 

3.1.4.1 Data Quality 

An initial therapeutic procedure was conducted in 274 patients (using 200mls as a cut off, 

see section 2.1.4.5.1 for rationale for this cut off). Appropriate follow up information was 

not available in 4 patients to establish whether further procedures were conducted. The 

date of death was not known in 5 patients, so it was not possible to establish whether they 

died within a month of the aspiration.  

3.1.4.2 Procedures undertaken 

Of the 274 patients who had a therapeutic procedure, 42 patients required a single 

aspiration, 14 required multiple aspirations, 141 had a definitive procedure (IPC, 

pleurodesis or surgery) and 73 had at least one alternative procedure which could have led 

to pleurodesis (see section 2.1.1.3.6). Survival data for these patients was available in 

269/274 (98%) patients. Of the patients who only underwent one aspiration 17/42 (40.5%) 
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survived for 30 days or less (as per BTS guidelines considering aspirations only in patients 

with a prognosis of less than 1 month) compared to 33/227 (14.5%) who underwent more 

than a single aspiration, which was significantly different (2 15.74, 1df, p<0.001).  

In patients having a therapeutic procedure, 220/271 (81.2%) had an ultrasound assessment 

of the size of the effusion recorded. In patients who only underwent one aspiration the 

effusions were more likely to be small or moderate 21/36 (58.3%) rather than large 15/36 

(41.7%) compared to those who required more than an aspiration (small/moderate 53/184, 

28.8%; large 131/184, 71.2%) (2 = 11.76, 1df, p=<0.001). In this analysis there was only 

one patient who had a small effusion, this patient was in the group which only required one 

aspiration. 
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Table 11. Procedures required for fluid control  

 Single aspiration  More than one 

aspiration 

 

Lymphoma 2/13 (15.4%) 11/13 (84.6%) N/S 

Small Cell Lung Cancer 2/4 (50%) 2/4 (50%) N/S 

Non-small cell lung cancer 11/63 (17.5%) 52/63 (82.5%) N/S 

Breast Cancer 8/48 (16.7%) 40/48 (83.3%) N/S 

Gynaecological Cancer 3/26 (11.5%) 23/26 (88.5%) N/S 

Upper and lower GI 6/21 (28.6%) 15/21 (71.4%) N/S 

CUP 2/15 (13.3%) 13/15 (86.6%) N/S 

MPM 2/41 (4.9%) 39/41 (95.1%) N/S 

Urological  1/9 (11.1%) 8/9 (88.9%) N/S 

Melanoma 0/5 (0%) 5/5 (100%) N/S 

Other 3/22 (13.0%) 19/22 (86.3%) N/S 

Unclear 2/3 (66.7%) 1/3 (33.3%) N/S 

Total 42/270 (15.6%) 228/270 (84.4%)  

Fishers exact test 

Figure 26. Procedures required for fluid control 
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3.1.4.3 Aspiration with combined diagnostic and therapeutic intent  

A total of 149/325 (45.8%) patients underwent an aspiration with a combined diagnostic 

and therapeutic intent, 6 were excluded as concurrent biopsies were taken and there was 

insufficient clinical information in a further 5 patients, leaving 138 patients for the analysis.  

For patients who are undergoing a pleural procedure for both diagnostic and therapeutic 

benefit only 13/138 (9.4%) patients required only one aspiration. Of these patients 5/13 

(38.4%) survived less than 30 days, five (38.4%) patients started chemotherapy within two 

months of diagnosis, the remaining three (23.1%) patients did not develop symptomatic 

recurrence of their effusion without further intervention. The remaining patients 

underwent a definitive procedure in 82 cases, multiple aspirations in seven cases and an 

‘other’ procedure (defined as any procedure which could induce pleurodesis as per section 

2.1.1.3.6) in 35 cases.  

3.1.4.4 Effects of chemotherapy on effusion recurrence 

The NHS cancer plan (2000) recommend that treatment should be started with a 62 day 

pathway (281) so, in this thesis a cut off for patients who could have started treatment at 

the end of this time period was assessed. 

Of the 174 patients who survived longer than 60 days after the initial therapeutic 

aspiration; 18/174 (10.3%) only required a single aspiration to control their effusion. Of 

these patients, 11/18 (61.1%) had a change in oncological treatment (see section 2.1.3.6) 

within 2 months of the aspiration, 7 (38.9%) did not.  

Small cell lung cancer, lymphoma and NSCLC with a mutation have all been postulated to 

be sensitive to oncological treatments which may prevent fluid recurrence (282). All three 

patients with small cell lung cancer had a change in oncological treatment (see section 

2.1.3.6 for details), two required a single aspiration, one further patient required more than 

one procedure. All 10 patients diagnosed with lymphoma had a change in their oncological 

treatment but 9/10 (90%) still required more than one aspiration. In the period studied, 

three patients with lung cancer were given immunotherapy but all three still underwent a 

definitive intervention for fluid control.  
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Table 12. Fluid control requirements in patients with malignancies suspected to be highly 

sensitive to oncology treatment which was undertaken 

 Single aspiration Alternative fluid 

control strategy 

Lymphoma 1/10 (10%) 9/10 (90%) 

Small Cell Lung Cancer 2/3 (66.7%) 1/3 (33.3%) 

Non-small cell lung cancer (treated 

with immunotherapy) 

0/3 (0.0%) 3/3 (100.0%) 

 

3.1.5 The identification of non-expansile lung 

How prevalent is NEL and is it detected after an initial therapeutic aspiration? 

3.1.5.1 Interobserver assessment 

Two respiratory physicians reviewed all available chest radiology from the time of 

aspiration until death or censorship to assess whether the patient has NEL as per the 

categories described in the methods section 2.1.5.3. Any disagreements were reviewed by 

a third respiratory physician. In cases where third reviewer concluded that the quality of 

the radiology was not sufficient to make an assessment, the case was excluded. The kappa 

value between the first two reviewers was 0.45 when determining whether the patient had 

NEL. The kappa value for assessing whether an attempt at pleurodesis should be avoided 

due to evidence of NEL on the initial post aspiration radiograph was 0.65. 

3.1.5.2 Data Quality  

There were no post procedure radiographs in 5/325 (1.5%) of patients and in 2/325 (0.6%) 

cases the assessors felt the quality of the imaging was not sufficient to determine whether 

there was evidence of NEL.  

A limited number of patients were deemed to have proven-expansile lung; 90/318 (28.3%) 

cases for assessor one and 129/318 (40.6%) for assessor two.  

NEL was significantly more likely in patients with lung cancer 25/80 (31.3%) compared to all 

other cancers including MPM 39/233 (16.7%) (2 7.71, 1df, p=0.005).  
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3.1.5.3 Diagnosis of NEL 

NEL (encompassing both proven and probable NEL) was present in 64/318 (20.1%), after 

the third reviewer adjudication had been undertaken. In 39/318 (12.3%) cases at least one 

of the initial reviewers reported the lung was proven to be NEL but both reviewers only 

agreed that this was proven (classed as unequivocal NEL) in in 19/318 (6.0%).  

The pie chart below shows that, out of the total number of patients classified as having 

NEL, the number of cases of unequivocal NEL was the smallest proportion 19/64 (29.7%) 

compared to the cases where only one reviewer reported proven NEL 20/64 (31.3%) and 

the number of cases which were probable NEL 25/64 (39.1%). 

Figure 27. NEL cases: proportion of which reviewers determined proven or probable  

 

 

There were no instances after aspiration where the lung was shown to be fully expansile 

but subsequently became non-expansile.  

3.1.5.4 Diagnosis of NEL after an aspiration 

There were 173/325 (53.2%) patients who underwent a therapeutic aspiration (where the 

aspiration catheter was removed during the procedure rather than a chest drain remaining 

in situ) as the first procedure. Chest radiographs within 24 hours of the procedure were 

available in 154/173 (89.0%) of these patients. The radiology for one of these cases was 

excluded by the assessors as above, leaving 153/325 (47.1%) cases for analysis. 
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The range of aspiration volumes which were undertaken in the 153 patients included in the 

analysis was 200mls-2200mls (mean 1118mls SD 457mls). 

The sensitivity and specificity for the ability of the post procedure chest radiograph to 

diagnose NEL (using evidence of NEL on all subsequent radiology as the comparison), was 

24.0% (95% CI 9.4-45.1%) and 99.2% (95% CI 95.7-100.0%). When this was assessed for 

unequivocal NEL only (section 2.1.5.3 for definitions) the sensitivity and specificity was 

44.4% (95% CI 13.7-78.8%) and 97.9% (95% CI 90.0-99.6%) respectively. This suggests that 

the initial post procedure chest radiograph is poor in identifying NEL. 

3.1.5.5 Evidence of NEL post aspiration affecting pleurodesis decision  

After the initial aspiration physicians would not offer an attempt at pleurodesis (in a 

hypothetical case – see section 2.1.5.2.1) due to evidence of NEL on the post procedure 

chest radiographs in 7/153 (4.6%) cases. In 1/7 (14.2%) case the lung was later shown to be 

expansile, the remaining 6/7 (85.6%) cases were non-expansile; 4/6 (66.7%) of these were 

unequivocally non-expansile.  

3.1.5.6 Effects of non-expansile lung on pleurodesis success 

During the course of the follow up, 106/325 (32.6%) patients were recorded to have had an 

attempt at pleurodesis, 18/106 (17.0%) of these had NEL according to the above criteria 

but only one of whom had evidence of NEL prior to the pleurodesis attempt.  

Of patients who underwent pleurodesis (n=106) a significantly greater proportion of 

patients with no evidence of NEL (64/88, 72.7%), did not require any further pleural 

procedures at 3 months (or until death) compared to patients with evidence of NEL 8/18 

(44.4%), (2 5.49, 1df, p=0.019). It is important to note that this analysis did not specify the 

degree of NEL so a number of patients could have been included in this analysis that had 

minimal NEL which could account for the proportion of patients who experienced a 

successful pleurodesis. In 8/18 patients, at least one reviewer reported proven NEL; when 

these patients were excluded (therefore only including patients with probable NEL), these 

patients remained significantly more likely to experience pleurodesis failure (2 4.53, 1df, 

p=0.033). Patients in which NEL was only considered probable, rather than proven are likely 

to have greater than 50% pleural apposition and so the 2010 guidelines (5) would 

recommend an attempt at pleurodesis. This data suggests that some patients with NEL 

would experience a successful pleurodesis, but a significantly smaller number than those 

with no evidence of NEL. 
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3.2 PREDICTORS OF PLEURODESIS SUCCESS  

3.2.1.1 Data quality 

Of 320 patients enrolled, data quality was poor in two patients who were excluded. 

Outcomes concerning pleurodesis were not available for 21 patients. Seventeen patients, 

all in the non-thoracoscopy arm, did not receive talc which was due to the drain falling out 

or requiring re-siting in six cases. All of the above patients (poor data quality, pleurodesis 

outcome not available, pleurodesis not conducted) were excluded, with the analysis 

therefore performed in a total of 285 (89%) patients. An initial analysis was undertaken to 

compare the proportions of the baseline characteristics between pleurodesis success and 

pleurodesis failure (Table 13). 

Table 13: Baseline characteristics according to pleurodesis outcome.  

 All (n=285) Pleurodesis 

success 

(n=232) 

Pleurodesis 

Failure 

(n=53) 

Significance 

Age, years 72 

(64.5-79.5) 

72 

(64 – 79) 

73 

(65-80) 

p=0.57 (Mann Whitney) 

Male, n (%) 184 

(64.6%) 

145  

(62.5%) 

39  

(73.6%) 

2 = 2.3, 1df, 

p=0.13 

Thoracoscopy, 

n (%) 

196 

(68.8%) 

162  

(69.8%) 

34  

(64.2%) 

2 = 0.60, 1df, 

p=0.42 

24F drain, 

n (%) 

243 

(85.3%) 

199  

(85.8%) 

44  

(83.0%) 

2 = 0.26, 1df, 

p=0.61 

Unexpandable 

lung, (NEL) n (%) 

38 (14.8%) 

n=257 

26 (12.3%) 

n=211 

12 (26.1%) 

n=46 

2 = 5.68, 1df, 

p=0.017 

Data for continuous variables is presented as median (IQR) and for discrete variables as 

frequency (%). 

It has previously been postulated that patients who have thoracoscopic talc poudrage are 

more likely to experience pleurodesis success but the recent TAPPS trial (15) did not 

support this assumption and this is reflected in the table above. The presence of NEL was 

associated with pleurodesis failure which supports the findings in section 3.1.5.6. Age and 

sex did not make a significant difference to the likelihood of pleurodesis success.  
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3.2.1.2 Pleurodesis Success 

The TIME 1 study used pleurodesis success at 3 months as a primary endpoint (50). Overall, 

at three months the pleurodesis success rate was 232/285 = 81.4%. The pleurodesis 

success rate was 33/42 = 78.6% in the 12F group and 199/243 = 81.9% in the 24F group. 

Patients were categorised either as having successful pleurodesis (Pleurodesis Success) or 

failed pleurodesis (Pleurodesis Failure) (see section 2.2.1.3 for definitions). 

3.2.1.3 Inflammatory Parameters 

Inflammatory parameters in the pleural fluid were analysed at baseline and after 

pleurodesis to determine whether any were associated with pleurodesis success. CRP can 

be produced in response cytokines produced at a site of local inflammation (210) so can be 

used as a surrogate for pleural information and as it is widely available so could easily be 

replicated in clinical practice if there was any clinical utility demonstrated. The white cell 

count is also an easily accessible inflammatory marker and both leukocytes (213) and 

neutrophils (208), making up part of the WCC, have previously been implicated in the acute 

inflammatory phase. A significant difference in baseline WCC or CRP may help counsel 

patients regarding their likelihood of pleurodesis success and a significant change in levels 

could provide further information regarding the mechanisms of pleurodesis.   

Three patients had outlier results and were excluded (one from CRP and two from WCC 

analysis). This decision was informed by the statistical principle of excluding values which 

were greater 3 SD from the mean. Changes in WCC and CRP were normally distributed, but 

baseline values for each group were not normally distributed. 

There was no significant difference in baseline WCC between Pleurodesis Success and 

Pleurodesis Failure groups. The WCC significantly increased in response to pleurodesis 

(comparing Day 0 to Day 1) in both Pleurodesis Success and Failure groups (p<0.001 and 

<0.001, Mann Whitney) (Table 14). The mean WCC change was higher in the Pleurodesis 

Success group (2.35109/L, SD 2.94, 95% CI 1.92 to 2.78) than in the Pleurodesis Failure 

group (1.79109/L, SD 2.44, 95% CI 1.00 to 2.58), with a mean difference of 0.56, but this did 

not reach statistical significance (95% CI of the difference -0.33 to 1.45, p=0.214).  

There was no significant difference in baseline CRP between Pleurodesis Success and 

Failure groups. The CRP significantly increased from Day 0 to Day 1 in both the Pleurodesis 

Success and Failure groups (p<0.001 for both groups, Mann Whitney) (Table 14). Mean CRP 

change was higher in the Pleurodesis Success group (46.2mg/L, SD 48.3, 95% CI 38.5 to 
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53.9) than in the Pleurodesis Failure group (27.1mg/L, SD 32.5, 95% CI 16.5 to 37.6) (mean 

difference 19.2, 95% CI of the difference 6.2 to 32.0, p=0.004) (Figure 28). 

Table 14: Inflammatory markers according to pleurodesis outcome.  

 n Pleurodesis Success Pleurodesis Failure P Value 

WCC, (109/L), Day 0 259 8.20 (6.68 – 10.10) 8.43 (7.34 – 10.90) 0.28 

WCC, (109/L), Day 1 233 10.43 (8.45 – 13.49) 11.01 (8.81 – 12.65) 0.75 

CRP, (mg/mL), Day 0 223 34.0 (13.0 – 83.0) 38.0 (11.0 – 79.0) 0.80 

CRP, (mg/mL), Day 1 219 95.0 (58.3 – 136.0) 77.0 (48.5 – 107.5) 0.065 

Data are presented as median (IQR). 

Figure 28: Mean change in CRP Comparing Pleurodesis Success and Pleurodesis Failure 

groups. 

  

 



150 
 

Incremental cut-offs of CRP rise were explored to assess whether any threshold was 

specific enough to predict which patients are likely to have a successful pleurodesis which 

could be used by physicians in clinical decision making. See table 15 for more details. 

Table 15. Difference in rates if pleurodesis success with CRP cut-offs 

 Pleurodesis Success Pleurodesis Failure Statistical Analysis 

Rise in CRP of 

10mg/L 

116/154 (75.3%) 28/39 (71.8%) (2 = 0.21, 1df, 

p=0.65) 

Rise in CRP of 

20mg/L 

107/154 (69.4%) 20/39 (51.3%) (2 = 4.58, 1df, 

p=0.032) 

Rise in CRP of 

30mg/L 

100/154 (64.9%) 18/39 (46.2%) (2 = 4.62, 1df, 

p=0.032) 

Rise in CRP of 

40mg/L 

84/154 (54.5%) 16/39 (41.0%) (2 = 2.28, 1df, 

p=0.13) 

 

Using a CRP rise of 30mg/L or 20mg/L there was a significant difference between the 

groups but neither of these differences are large enough to be likely to be beneficial in 

clinical practice.  

The CRP results were also assessed in the thoracoscopy and non-thoracoscopy group 

separately as there was a hypothesis that thoracoscopy itself, as a more invasive 

procedure, could produce more inflammation and therefore confound the results.  

Table 16. CRP values (mg/mL) according to pleurodesis outcome 

 n Pleurodesis Success Pleurodesis Failure P Value 

Thoracoscopy arm, Day 

0 

148 25.5 (7.0 – 56.25) 27.5 (8.5 – 79.0) 0.62 

Thoracoscopy arm, Day 

1 

152 98.0 (64.0 – 135.0) 74.5 (51.0 – 107.75) 0.10 

Thoracoscopy arm, 

Change 

129 61.75 (44.53) 33.67 (29.75) <0.001 

Non-thoracoscopy arm 

Day 0 

75 57.0 (22.75-141.75) 48.0 (19.5 – 103.0) 0.33 
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Non-thoracoscopy arm 

Day 1 

67 87.5 (53.5 – 149.25) 79.0 (41.5 – 107.5) 0.41 

Non-thoracoscopy arm 

Change 

63 15.1 (39.9) 12.17 (34.6) 0.80 

Data are presented as median (IQR) for Day 0 and Day 1 statistics and mean (SD) for CRP 

Change. Day 0 represents the day pleurodesis was undertaken. 

3.2.1.4 Pain 

VAS scores were non-normally distributed so medians were used. The median VAS score at 

baseline was 3.8mm (IQR 1.0 to 11.8). The median of the average VAS scores over the first 

24 hours for the entire cohort was 23.4mm (IQR 8.8 to 37.8mm) and between 24 - 48 hours 

was 14.4mm (IQR 4.8 to 28.5mm). Details of how the VAS measurements were collected is 

detailed in section 2.2.1.7. 

The average VAS score over the first 24 hours was 23.6mm (IQR 9.9 to 40.1) for the 

Pleurodesis Success group and 21.4mm (IQR 5.8 to 36.5mm) for the Pleurodesis Failure 

group (p=0.42). Over the subsequent 24 hours, median VAS was 14.5mm (IQR 4.7 to 

26.7mm) for the Pleurodesis Success group and 14.2mm (IQR 5.2 to 31.2mm) for the 

Pleurodesis Failure group (p=0.91). Median change in VAS between baseline and the first 

24 hours after pleurodesis was lower in the Pleurodesis Success group (11.7mm, IQR 1.3 to 

25.2mm) than in the Pleurodesis Failure group (13.5mm (0.3 to 24.9mm), but this was not 

statistically significant (p=0.65). 

The majority of patients did not require any additional doses of analgesia, on top of the 

regular analgesia prescribed, in either the Pleurodesis Success or Failure groups: median 

additional doses =0, IQR 0 to 1 for both groups (p=0.32). It was important to include this in 

the analysis to ensure that the pain signal was not blunted by an increase in analgesia use. 

The decision to only assess number of doses rather volume of analgesia used was due to 

different tolerance levels and metabolism between patients, whereas discrete number of 

doses required would highlight times when pain was not adequately controlled.  

Table 17. 100mm VAS scores in Thoracoscopy and Non-thoracoscopy arms 

 n Pleurodesis Success Pleurodesis Failure P Value 

Thoracoscopy arm, 

Baseline 

185 3.0 (1.0 – 10.15) 3.5 (1.08 – 7.38) 0.81 
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Thoracoscopy arm, Day 

1 post-pleurodesis 

188 25.92 (12.69 – 

41.44) 

21.5 (11.0 – 36.5) 0.45 

Thoracoscopy arm, 

Change from baseline 

181 17.01 (23.74) 14.12 (22.47) 0.52 

Non- thoracoscopy arm 

Baseline 

87 5.65 (2.0 – 16.05) 8.5 (1.5 – 13.0) 0.98 

Non- thoracoscopy arm 

Day 1 post-pleurodesis 

72 14.31 (5.81 – 32.20) 15.54 (3.52 – 36.64) 0.83 

Non- thoracoscopy arm, 

Change from baseline 

71 8.98 (23.57) 6.19 (25.56) 0.70 

VAS scores presented as average from the number of values recorded over 24 hours. 

Presented as median (IQR) for Baseline and Day 1 post pleurodesis and mean (SD) for 

Change from baseline.  

3.2.1.5 Symptoms and fluid drainage 

Assumptions have been made that effusions which continue to produce high volumes of 

fluid or those which have been present for a significant period of time are likely to be 

associated with pleurodesis failure (215). A number of different mechanisms have been 

considered including that high output effusions have a different biology, or that fluid 

production would reduce the inflammatory response. Longstanding effusions have also 

been theorised to have a higher rate of NEL (283).  

The results from our study did not show any association between length of prior symptoms 

due to MPE and pleurodesis success. The amount and speed of fluid drainage were not 

associated with pleurodesis success in either the thoracoscopy or non-thoracoscopy groups 

(Table 18). In the non-thoracoscopy group the median time for the effusion to drain and 

talc to be given was 65.5 hours (IQR 29 to 96 hours). 

Table 18: Fluid characteristics according to pleurodesis outcome.  

 n Pleurodesis 

Success 

Pleurodesis Failure P Value 

Duration of symptoms 

caused by MPE (days) 

293 30.0 (16.3 – 

56.0) 

30.0 (20.0 – 60.0) 0.64 
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Fluid volume drained at 

thoracoscopy (mL) 

193 1675 (1000 – 

3000) 

2100 (1363 – 3200) 0.26 

Fluid drained prior to 

pleurodesis in non-

thoracoscopy arm (mL) 

88 2020 (1420 – 

3040) 

2380 (1700 – 4000) 0.21 

Time to drain in non-

thoracoscopy arm (hours) 

88 69 (34 – 96) 48 (24 – 96) 0.22 

Data are presented as median (IQR). 

3.2.1.6 MPM 

Previous data has shown that MPM often has a lower rate of successful pleurodesis than 

other tumour types (219). There is more than one hypothesis for this finding which was 

discussed in section 1.3.7.1.1. In our study patients with MPM had significantly lower 

overall pleurodesis success rates than non-MPM (73.3% versus 84.9%, 2 = 5.1, 1df, 

p=0.023) which was consistent with previously published literature. One of the 

hypothesises was that the reason for a higher rate of pleurodesis failure in MPM was due 

to a higher rate of NEL (284). NEL was more common in those with MPM (19.5%) compared 

with those with non-MPM cancer (12.9%), although this did not reach statistical 

significance (2 = 1.84, 1df, p=0.18). When patients with NEL were removed from analysis 

(38 with non-expansile lung, 28 with no data), 87 patients with MPM and 139 non-MPM 

remained; in these patients there was a non-significant difference in rates of pleurodesis 

success in MPM patients (74.7%) compared with those with other types of cancer (84.9%), 

2 = 3.60, 1df, p=0.058. 

Another theory was that patients with MPM mounted a less effective inflammatory 

response to pleurodesis as there were fewer normal mesothelial cells which are important 

in promoting a successful pleurodesis. Despite a lower pleurodesis success rate in patients 

with MPM, the degree of systemic inflammation in response to talc was higher than that 

seen in those with non-MPM cases (CRP change in those with MPM 58.9mg/L, SD 42.6, 95% 

CI 49.2 to 68.6, versus 26.8mg/L, SD 43.9, 95% CI 17.9 to 35.7 in those with non-MPM 

related MPE. Mean difference in CRP 32.1 mg/L, 95% CI of the difference 19.1 to 45.2, 

p<0.001).  
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3.3 PREVENTING CHEST DRAIN DISPLACEMENT 

3.3.1 Recruitment and data completion 

Recruitment took place between 7th March 2018 and 13th November 2019. After assessing 

a total of 480 potentially eligible patients, the target of 267 (100%) patients were recruited. 

Of these, 4 (1.5%) were ineligible due to lack of clinical need for chest drain insertion and 

were withdrawn from the study. Therefore, 263 patients were randomised: 131 were 

assigned to balloon drain and 132 to standard care (please see figure 29 for a consort 

diagram). Two patients withdrew consent during the study (one balloon, one standard 

care) but allowed data already collected to be used.  
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Figure 29 – Consort Diagram 

 

 

  

490 assessed for eligibility 

365 met eligibility criteria 

267 randomised 

125 did not meet trial eligibility:  

• 82 did not require small bore chest 

drain insertion 

• 14 reason not documented  

• 3 already in trials 

• 26 unable to consent  

98 patients not enrolled 

• 39 not clinically appropriate to enrol 

• 35 declined 

• 22 insufficient time, personnel or 

equipment  

• 2 short term drainage  

 

133 Balloon drain 134 Standard Care 

131 Balloon drain 132 Standard Care 

128 primary data 

available  

2 ineligible* 

1 withdrawn 

2 failed drain 

insertion 

 

1 withdrawn 

2 failed drain 

insertion 

 

2 ineligible* 

129 primary data 

available  
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*Four patients were deemed to be ineligible after randomisation as a repeat ultrasound 

assessment did not demonstrate sufficient fluid for drain insertion. 

3.3.2 Sample size 

A review was undertaken of the displacement rate in the control arm only, no information 

was examined from the intervention arm as this was merely testing the assumptions of the 

sample size calculation regarding the expected standard drain displacement rate (which 

was 21% displacement rate predicted in the standard care arm). As this was not a 

comparative interim analysis, no adjustment for multiple comparisons in the final statistical 

analysis was required.  

At month 6 of recruitment, when 50% of patients had been recruited of the original sample 

size calculation, the data monitoring committee reviewed the drain displacement rate in 

the control arm, and this was found to be lower than expected at 12%.  

This actual drain displacement rate would result in a trial which was underpowered at the 

planned sample size, and therefore the sample size was increased to allow the same 

relative reduction in displacement to be detected. The initial sample size calculation aimed 

to detect a reduction from 21% to 5%, a relative reduction of 21-5/21 = 76%. The 

displacement rate of the interventional drain was also reviewed and the one drain which 

was displaced (5%) was likely to have been incorrectly inserted so it was considered 

reasonable to change the estimate to 2.5% displacement rate in the interventional drain. 

To detect the same relative reduction the displacement rate in the balloon arm would be 

assumed to be 12*(1-0.76) = 2.88%. This was rounded to 3% (i.e. more conservative and 

therefore a slightly higher sample size). The new sample size required to detect a reduction 

in displacement rates from 12% to 3%, and allowing for a 2% withdrawal rate, was 

therefore 267 patients in total. 

3.3.3 Baseline demographics  

Of the 263 patients, median age was 71 years, and 146 were male (55.5%). The majority 

had known or suspected malignant pleural effusion (144, 54.8%), and baseline 

characteristics were well balanced (Table 19).   
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Table 19. Demographics and baseline data 

 Balloon Drain n= 

131 

Standard care n= 132 

Age in years (median, IQR) 71 (59-79) 71 (59-79) 

Sex (M:F) 72:58 74:58 

Size of effusion (in n patients) 

 

• None* 

• Small 

• Moderate 

• Large 

n=130 

 

7 (5.4%) 

4 (3.1%) 

50 (38.5%) 

69 (53.1%) 

n=130 

 

8 (6.2%) 

4 (3.1%) 

50 (38.5%) 

68 (52.3%) 

Side of intervention (L:R) 57:71 53:77 

Current malignancy 68/129 (52.7%) 65/132 (49.2%) 

Past Medical History 

• Cardiovascular 

• Respiratory 

• Abdominal 

• Past malignancy 

• Musculoskeletal 

• Endocrine 

• Other 

 

64 (48.9%) 

49 (37.4%) 

21 (16.0%) 

34 (26.0%) 

18 (13.7%) 

26 (19.8%) 

35 (26.7%) 

 

67 (50.8%) 

38 (28.8%) 

23 (17.4%) 

28 (21.2%) 

14 (10.6%) 

22 (16.7%) 

27 (20.5%) 

Indication for chest drain insertion: 

• Pleural Infection** 

• Malignant pleural 

effusion** 

• Pneumothorax 

• Other 

n=131 

27 (20.6%) 

72 (55.0%) 

 

12 (9.2%) 

20 (15.3%) 

n=132 

28 (21.2%) 

72 (54.5%) 

 

14 (10.6%) 

18 (13.6%) 

Ultrasound appearances of pleural 

fluid (when present): 

• Unseptated 

• Mildly septated 

• Moderately septated 

• Heavily septated 

n=120 

 

90 

14 

8 

8 

n=117 

 

86 

12 

9 

10 

Number of previous pleural 

interventions: 

0 

1 

2 

≥3 

n=130 

 

63 (48.5%) 

52 (40.0%) 

11 (8.5%) 

4 (3.1%) 

n=131 

 

74 (56.5%) 

41 (31.3%) 

13 (9.9%) 

3 (2.3%) 

Increased bleeding risk*** 20/131 (15.3%) 21/132 (15.9%) 

Baseline pain Visual Analogue Score 

(VAS ) mm (mean, SD) 

n=112 

17.3 (25.0) 

n=109 

19.8 (28.46) 
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Data presented as n (%), unless otherwise stated. *due to pneumothorax, **known or suspected 

Other; unknown aetiology, transudates, reactive effusions, chylothorax 

***Due to antiplatelet or anticoagulant therapy, thrombocytopenia or coagulopathy  

This was a randomised trial, pre intervention baseline characteristics were not compared 

statistically, but any post intervention characteristic including where the drain was placed 

were compared statistically. This was to explore whether there were clear differences in 

the experience of individuals inserting the new drain versus the standard drain, as this 

could easily materially affect the outcome. 

The drains were inserted in a dedicated procedure room (229/262: 87.4%), or respiratory 

ward (33/262: 12.6%), and the majority using ultrasound guidance (90.4%). In total, 89% of 

balloon drains and 100% of standard drains were sutured in place. Insertion of the 

intended drain was successful in 119/131 (90.8%) in the balloon arm and 129/132 (97.7%) 

in the standard care arm, and this difference was statistically significant (2 1df = 5.8, 

p=0.03). In total, 10 patients in the balloon arm received a standard chest drain.  Table 20 

provides further drain insertion information. 

Table 20. Drain insertion information 

 Balloon Drain 

(n=131) 

Standard care 

(n=132) 

Statistical 

analysis 

Location  

 

• Procedure Room 

• Respiratory Ward 

• Radiology 

department 

• Other 

n=131 

 

60 (45.8%) 

54 (41.2%) 

4 (3.1%) 

 

13 (9.9%) 

n=131 

 

63 (47.7%) 

52 (39.4%) 

4 (3.0%) 

 

12 (9.1%) 

 

 

 

 = 0.15, 

p=0.99 

Grade of operator 

 

• Consultant - 

respiratory 

• Respiratory – other 

grade 

• Nurse specialist 

• Other  

n=131 

 

24 (18.3%) 

 

92 (70.2%) 

 

5 (3.8%) 

10 (7.6%) 

n=132 

 

13 (9.8%) 

 

97 (73.5%) 

 

7 (5.3%) 

15 (11.4%) 

 

 

 

 = 4.73, 

p=0.19 

Image guidance used during 

insertion 

 

• Ultrasound guidance 

• CT guidance 

n=131 

 

 

118 (90.1%) 

2 (1.5%) 

n=131 

 

 

119 (90.8%) 

1 (0.8%) 

 

 

 

 = 0.34, 

p=0.84 
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• No image guidance  11 (8.4%) 11 (8.4%) 

Pre-med analgesia used 10/131 (7.6%) 6/132 (4.5%)  = 1.10, 

p=0.29 

Local anaesthetic used 

 

Dose of lidocaine used in 

milligrams (Median IQR) 

130/131 (99.2%) 

 

100 (100-200) 

n=105 

131/132 

(99.2%) 

100 (100-150) 

n=101 

 = 0, p=1.0 

 

Mann Witney 

p=0.183 

Sutures used (%) 116/129 (89.9%) 132/132 

(100%) 

 = 14.0, 

p<0.001 

IQR – interquartile range; CT – computed tomography 

3.3.4 Primary outcome 

Displacement information was available in 257/263 (97.7%) patients. Data on the primary 

outcome was not available in 6/263 (2.3%) patients due to: withdrawal from the study 

(n=2) and failure to successfully insert any drain (n=4). Three patients died with chest drain 

in situ and no clinical indication of a displaced chest drain; these were counted as non-

displaced.  

Unadjusted analysis of the primary outcome demonstrated that displacement occurred less 

frequently in the balloon drain arm than in the standard care arm (balloon drain 

displacement 5/128, 3.9%; standard care displacement 13/129, 10.1%) which approached 

statistical significance ( 1df = 3.76, p=0.053), giving an Odds Ratio (OR) for drain 

displacement using the balloon drain of 0.36 (95% CI 0.13 to 1.0).  

Figure 30. Drain displacement proportions  
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Of those patients who met the primary outcome (drain displacement), a larger proportion 

were displaced (13/18, 72.2%) than fell out of the chest cavity entirely (5/18, 27.8%). There 

were no clinical consequences of displacement in 10 patients (1 balloon arm, 9 standard 

care), but 4 patients failed to complete treatment (1 balloon arm, 3 standard care) and a 

further 3 required further procedures (all balloon arm) due to displacement. Further 

information is provided in Table 21.  

Table 21. Primary outcome: Drain displacement and clinical consequences 

 Balloon Drain  

(n=131) 

Standard care  

(n=132) 

Statistical 

analysis* 

Drain completely fell out 

 

Displaced then removed 

• Holes not in pleural cavity 

• Radiological evidence of 

displacement 

• Withdrawn and not adequately 

functioning 

• Withdrawn a significant 

amount 

2 (1.5%) 

 

3 (2.3%) 

1 

2 

 

0 

 

1 

3 (2.3%) 

 

10 (7.6%) 

3 

4 

 

4 

 

3 

p=1.0 

 

p=0.08 

Consequences of displacement 

• None 

• Failure to complete treatment 

• Further pleural procedures 

• Other** 

 

1 (0.8%) 

1 (0.8%) 

 

3 (2.3%) 

0 (0%) 

 

9 (6.9%) 

3 (2.3%) 

 

0 (0%) 

1 (0.8%) 

 

p=0.02 

p=0.62 

 

p=0.12 

p=1.0 

*Fishers exact test **persisting pneumothorax which did not require drainage 

3.3.5 Secondary outcomes 

3.3.5.1 Adjusted per protocol analysis 

A adjusted pre protocol analysis was written into the statistical analysis plan to be 

undertaken including minimisation criteria and any factors where there was a significant 

difference in drain insertion characteristics. Minimisation factors including the indication 

for drain insertion and the centre where the drain was inserted. These were selected the 

intended duration of drain insertion is often different between pathologies; drainage of a 

symptomatic reactive effusion, or a pneumothorax which swiftly re-inflates may only 

require a drain to remain in situ for a couple of days whereas an attempt at pleurodesis is 
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rarely this short. Centres also may have different levels of input into drain management on 

the wards which could lead to a significant difference. 

The only significant difference in drain insertion characteristics was that there was a higher 

rate of unsutured drains in the intervention arm. Adjusted analysis (multivariate logistic 

regression) to account for minimisation factors and use of drain sutures demonstrated that 

balloon catheters were independently associated with reduced drain fall out rate (adjusted 

OR 0.27, 95% CI 0.08 to 0.87, p=0.028). 

An adjusted per protocol analysis, including only those who underwent successful drain 

insertion and successful maintenance of balloon inflation (as demonstrated by >=4mls fluid 

being aspirated from the balloon prior to removal there was a significantly lower rate of 

displacement in the balloon arm (balloon drain displacement 0/84, 0%; standard care 

displacement 13/129, 10.1%,  1df = 9.02, p=0.003). 

3.3.5.2 Miscellaneous secondary outcomes 

There was no significant difference between treatment arms in total length of hospital stay, 

number of radiological investigations, subsequent pleural procedures, re-admissions or 

mortality (see Tables 22 and 23). 

Table 22. Secondary outcomes 

 Balloon Drain 

(n=129) 

Standard care 

(n=130) 

Statistical 

analysis 

Time study drain in situ, days 

(median, IQR) 

n=124 

4 (2.7,6.0) 

n=124 

4 (2.7,6.0) 

p=0.98  

(Mann Whitney) 

Time any drain in situ, days 

(median, IQR) 

n=129 

5 (3-7) 

n=128 

5 (3-7) 

p=0.34  

(Mann Whitney) 

Additional radiology needed 

Additional CXR 

• Median number 

of CXRs 

Additional CT 

(n=129) 

59 

1 (1-2) 

 

6 

(n=130) 

59 

1 (1-2) 

 

11 

 

p=0.45  

(Mann Whitney) 

 

= 1.53, 1df, 

p=0.22 

Subsequent pleural 

interventions 

• Aspiration 

• Chest Drain 

• IPC 

• Thoracoscopy 

• Thoracic Surgery 

29/129 (patients) 

35 (interventions) 

4 

10 

13 

0 

6 

2 

34/128 (patients) 

41 (interventions) 

9 

7 

9 

3 

8 

4 

 

 

 

 

 = 0.58, 1df, 

p=0.45 
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• Other**  

• Unknown 

0 1 

Length of stay post drain 

insertion* 

Median (IQR) 

n=123 

 

6 (3-11) 

n=129 

 

7 (4-11) 

 

p=0.39 

(Mann Whitney) 

*within 30 days of insertion **IPC removal, pleural biopsy, pleurodesis 

CXR – chest radiograph, CT – computed tomography 

 

Table 23. Adverse events 

 Balloon Drain 

n=131 

Standard care 

n=132 

Statistical 

analysis 

No. of failed initial insertions 

• Alternative drain inserted 

• Associated adverse event 

12 (9.2%) 

10 (7.6%) 

1 (0.8%) 

3 (2.3%) 

1 (0.8%) 

0 (0%) 

= 5.8, p=0.016 

 

Failure to maintain balloon inflation  9/91 (9.9%) N/A  

Number of patients experiencing 

adverse events 

59/131  

(45.0%) 

18/132  

(13.6%) 

 = 31.3, 

p<0.0001 

Number of adverse events (individual 

events) 

64 22  

Procedure complications 

• Bleed 

• Vasovagal 

• Pneumothorax (including ex-vacuo) 

• Drain site leakage 

 

0 (0%) 

3 (2.3%) 

3 (2.3%) 

 

5 (3.8%) 

 

1 (0.8%) 

2 (1.5%) 

9 (6.8%) 

 

0 (0%) 

 

Post procedure complications 

• Site infection 

• Pleural infection 

• Reperfusion pulmonary 

oedema 

• Surgical emphysema 

• Other* 

 

1 (0.8%) 

1 (0.8%) 

1 (0.8%) 

 

0 (0%) 

2 (1.5%) 

 

2 (1.5%) 

1 (0.8%) 

0 (0%) 

 

4 (3%) 

1 (0.8%) 

 

Difficulty during removal of drain** 

• Deflating balloon   

• Removing from chest 

• Fracture 

• Pain 

• Extra incision needed 

48 (36.6) 

19 (14.5%) 

36 (27.5%) 

0 (0%) 

21 (16%) 

5 (3.8%) 

2 (1.5%) 

0 (0%) 

1 (0.8%) 

0 (0%) 

1 (0.8%) 

0 (0%) 
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Serious adverse events 

• Number of patients re-

admitted within 30 days of 

drain removal  

• Death within 30 days from 

removal or died with drain 

in situ 

• Drain related deaths 

• Other SAEs (not death or 

re-admission) 

 

28/125  

(22.4%) 

 

15/130  

(11.5%) 

 

0 (0%) 

1 (0.8%) 

        

29/124 

(23.4%) 

 

19/131  

(14.5%) 

 

0 (0%) 

0 (0%) 

 

 = 0.03, 

p=0.85 

 

 = 0.51, 

p=0.48 

* Incomplete inflation/deflation or equipment malfunction **Physician reported 

3.3.5.3 Adverse Events and Pain 

The adverse event rate was higher in the balloon arm than the standard care arm (balloon 

drain 59/131, 45.0%; standard care 18/132, 13.6%;  1df=31.3, p<0.0001). There was one 

unexpected drain related SAE in the balloon arm (pulmonary oedema requiring intensive 

care unit admission). Other SAEs were expected and related to underlying medical 

conditions, including readmission or death, and there was no significant difference 

between treatment arms (see table 23). The majority of AEs were related to difficulties in 

drain removal as reported by local PIs, and none met the criteria for SAE. Excluding drain 

removal difficulties, there was no significant difference in patients experiencing AEs 

between the arms (balloon 16/131, 12.2%; standard care 16/132, 12.1%;  1df=0.0005, 

p=0.98).  

There was no difference between treatment groups in pain VAS scores at any time point 

(figure 31), and analgesia use was similar between treatment arms (see table 24 and 25). 

 

Figure 31. Daily VAS Scores 
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Table 24. VAS scores  

 Balloon  

(n=112) 

Standard care 

(n=104) 

Significance 

(Mann Whitney U 

test) 

Day 0 – pm 

 

n=108 

 29.4 (9.3-69.1) 

n=102 

44.3 (10-76.3) 

p=0.33 

Day 1 - am  n=112 

22 (7-46) 

n=104 

22 (6.8 – 57.5) 

p=0.69 

Day 1 - pm  n=106 

23 (5-45.8) 

n=97 

15.8 (4-52.6) 

p=0.94 

Day 2 - am  n=105 

16 (5-37.4) 

n=95 

14 (4-41) 

p=0.67 

Day 2 - pm  n=91 

22 (4.4 – 43) 

n=89 

10.8 (4.5 – 35.5) 

p=0.35 

Day 3 - am  n=85 

16 (4.6 – 30.5) 

n=83 

10.3 (4.3 – 26.5) 

p=0.36 

Day 3 - pm n=72 

13.25 (5-31.2) 

n=72 

9.13 (4.15 – 31) 

p=0.50 
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Day 4 - am n=63 

11.5 (3-27) 

n=63 

9 (3-31.5) 

p=0.62 

Day 4 - pm n=58 

9.5 (3 – 36.8) 

n=56 

7.3 (2.6-32.3) 

p=0.33 

Day 5 - am  n=53 

9.5 (3.88 – 21) 

n=49 

8 (3.9 – 24.3) 

p=0.98 

Day 5 - pm  n=47 

8 (3-34.5) 

n=40 

7.7 (3.2 – 20.5) 

p=0.87 

Post removal n=92 

7.35 (2-36.9) 

n=75 

6.0 (1.5 – 16.8) 

p=0.15 

In mm, median, IQR. 

Table 25. Analgesia requirements 

 Balloon (n=129) Standard Care 

(n=130) 

Significance 

Paracetamol 111 (86.0%) 119 (91.5%)  = 2.0, p=0.16 

NSAIDs 10 (7.8%) 10 (7.7%)  <1.0, p=0.99 

Opiates 104 (80.6%) 100 (76.9%)  = 0.5, p=0.47 

Other* 6 (4.7%) 4 (3.1%)  = 0.4, p=0.51 

*gabapentin, pregabalin, lidocaine patch, ketamine, clonazepam and buscopan 

3.3.5.4 Balloon fixation and integrity  

A total of 5 balloon drains were displaced. Of these, 2 were not sutured and the balloon 

had not remained inflated, 1 was not sutured but the balloon integrity was intact at 

withdrawal, 1 was sutured but the balloon lost integrity and 1 was sutured and the balloon 

integrity was intact. 
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4 DISCUSSION 

4.1 PLEURAL ASPIRATION IN THE INVESTIGATION AND MANAGEMENT OF MPE 

4.1.1 Introduction 

A review of the literature and the results of my assessments in section 3.1 suggest that 

pleural aspiration does have a place in the investigation and management of patients with 

MPE but that an initial aspiration may not be the right initial investigation or management 

option for all patients.  

4.1.2 Transudative biochemistry ruling out MPE 

In cases of unexplained, cytology negative pleural effusions a decision must be made 

regarding whether to perform further invasive tests to obtain a diagnosis. In the case of 

exudative pleural effusions there is a stronger case for undertaking these as the likelihood 

of malignancy is higher and in general it is recommended to undertake biopsies unless 

there is a compelling reason not to (12). The decision is often less clear with transudates 

and other clinical and radiological factors could help.  

The original dictum that an aspiration should be performed to identify a transudative 

effusion to rule out malignancy and prevent further investigations being undertaken has 

been disproven due to the recognised rates of transudative malignant effusions, around 

4.3% in this work.  

4.1.2.1 Effusions with transudative biochemistry 

The data in section 3.1.2 showed that the rate of MPE within the transudative effusion 

population was high, at around 8% but this was in a selected population where pleural fluid 

cytology was sent. The majority of effusions which are suspected to be transudative in 

nature are not sampled, therefore the decision to send pleural fluid for cytological 

examination already biases the sample towards a higher likelihood of a malignant 

diagnosis. 

In the cohort of patients with MPE rate was 4.3% which is consistent with the previously 

published literature (84). 

4.1.2.2 Transudate/Exudate misclassification 

There is a significant limitation in the data presented in the analysis in section 3.1.2 which is 

that the majority of patients did not have concurrent serum biochemistry sent so there will 
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be some instances in which misclassification occurs. Using the cases in which serum 

biochemistry was available as a guide, the 95% confidence interval suggests that between 

1.4% - 28.2% of the effusions classified as transudates in our data, would have been 

classified as exudates in Light’s criteria. If the higher end of the interval is used and 28.2% 

of patients where are misclassified as a transudative effusion, this still leaves 10/325 (3.1%) 

transudative MPEs. Although this is still a low rate of transudative MPE, it still suggests that 

using the biochemical results of a transudative effusion to prevent the need for further 

investigations under any circumstances is flawed. It is also important to remember that 

when Light’s criteria is applied, it is more likely to misclassify a transudate as an exudate 

than vice versa (41) so, if a further adjustment was made it would be likely to increase the 

number of patients in our dataset with a transudative effusion.  

It is possible for patients to have dual pathologies producing the pleural fluid (44). 

Malignancy is more common in an older population and these patients are more likely to 

have multiple co-morbidities such as heart failure, or renal failure, which could lead to 

pleural fluid accumulation. If the driver for fluid production is proportionally greater from 

the transudative aetiology, it would be reasonable to conclude that transudative 

biochemistry would be produced. There are also some instances of NEL where there is an 

osmotic gradient leading to fluid being pulled into the effusion which produces a 

transudative effusion, with only a small degree of pleural involvement producing the 

exudative component. Both these mechanisms support the conclusion that MPE should not 

be ruled out simply because the biochemical results point towards the diagnosis of a 

transudate as per Light’s criteria. 

4.1.2.3 Clinical assessment of transudative effusions 

Assessing current practice in our hospital showed that 31% of patients with transudative 

effusions, which were not concluded to represent an MPE, required ongoing investigations 

or surveillance in the judgement of a clinician. This suggests that transudative biochemistry 

does not stop clinicians undertaking further investigations in real world practice. The 

sample assessed only included patients who had been seen by a respiratory physician 

which could introduce bias. These clinical assessments of patients with transudative 

effusions provides evidence regarding the decision making of respiratory physicians, rather 

than all specialties, but this analysis aimed to assess whether this part of the pathway is 

appropriate and using ‘expert opinion’ rather than a general opinion gives more weight to 

the arguments. These data would suggest that in real-world, clinicians are already relying 
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on clinical judgement to make decisions regarding further investigations and are supported 

in doing so by the literature (85). It would be necessary to collect a large amount of clinical 

data, likely in a prospective manner, to try and ascertain the factors which led the clinicians 

to making these decisions.  

Whilst the majority of transudates have a non-malignant aetiology (285), identifying those 

where there is a higher suspicion of malignancy is important to guide which patients need 

further investigations. The majority of transudative effusions will not represent MPE, and 

with no clinical suspicion of malignancy, it is likely that this is still an appropriate 

investigation to confirm a previous suspicion of a benign aetiology and can direct treatment 

of the underlying condition (85). A proportion of patients with transudative effusions and 

MPE will have positive pleural fluid cytology which provides the diagnosis, but further 

investigations would be needed when there remains a suspicion of MPE; at this point 

clinical suspicion and radiological findings become increasingly important. 

4.1.2.4 Conclusions 

There are many different mechanisms to explain why some MPEs have transudative 

biochemistry. The key clinical relevance is that transudative results are not sufficient to 

reassure clinicians that the patient does not have an MPE, in particular where there is 

already a clinical concern regarding malignancy. Further work would be useful to ascertain 

the prevalence of MPE in patients with transudative biochemistry in combination with 

other reassuring features such as radiology without clinical features of malignancy, lack of 

clinical features which raise a suspicion of malignancy and an alternative explanation for 

the effusion. If a transudative effusion was confirmed in a patient without a radiological or 

clinical suspicion for malignancy and an alternative cause for the effusion, this may be 

enough to rule out an MPE, but further work would be needed to confirm this supposition. 

In conclusion, transudative biochemistry alone is not sufficient to completely rule out MPE 

but needs to be considered in the clinical context.  

4.1.3 The utility of cytology in diagnosis and management of MPE 

4.1.3.1 Actionable cytology  

The analyses examining the rates of ‘actionable’ cytology support the recent literature 

which suggests that a large proportion of patients with cytology positive effusions will need 

additional pathological samples to guide treatment. Tsim et al published the proportion of 

incomplete cytology as 47% (defined as cytology which was not sufficient perform all 
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relevant tests to guide oncological treatment), which is slightly higher than the 37% in the 

cytology analysis section 3.1.3. In section 3.1.3, the analysis classed incomplete cytology as 

samples which did not provide sufficient information to guide further management, rather 

than samples where all the relevant tests could not be undertaken as per Tsim et al (94). 

The distinction of what incomplete cytology is classed as, is relevant as the definition we 

have used is guided by factors which produce clinically meaningful effects for the patient, 

e.g. starting treatment, rather than theoretical possibilities, such as an assessment of 

predictive markers. Our cohort included patients who would not be suitable for standard 

oncological treatments, but for example, where hormonal treatment for breast cancer was 

initiated, even without a full panel of receptors or a new diagnosis was obtained, but where 

there were no other clinically appropriate treatment options. Using the definition of 

‘actionable’ cytology provides a more pragmatic assessment in the real-world setting, but 

the rates of ‘incomplete’ cytology (94) in the subset of patients who would be suitable for 

radical oncological treatment may be higher. A limitation of this retrospective study is that 

it is not possible to assess whether there would have been sufficient material to allow for 

complete testing for receptors and mutations in the patients who were not suitable for 

systemic anticancer treatment as detailed testing was not undertaken in these patients. 

4.1.3.2 Diagnostic benefit for patients not suitable for oncological treatment 

There is a subset of patients who would not be suitable for any oncological treatments so 

there is a question of whether a diagnosis would be beneficial for them. A diagnosis may 

help their overall health experience; uncertainty can have a detrimental impact on a 

patient’s wellbeing (286). A formal diagnosis of cancer may allow for access to support 

groups or different forms of funding (287) to provide patients with emotional or financial 

support which may not be available without a formal diagnosis. As the sensitivity for a 

radiological diagnosis of MPE is so low (73), diagnostic procedures can be very important, 

even in patients who would not be suitable for oncological treatments.  

The 2010 guidelines for the management of MPE recommends offering a definitive pleural 

intervention (Pleurodesis or IPC) for patients with a recurrent MPE (5), regardless of 

suitability for oncological treatments. The criteria to diagnose MPE in the majority of 

studies in this area include any effusion where there is histologically proven cancer 

elsewhere (19, 50) but clinically patients will also be offered definitive treatments without 

any histological proof of cancer if they are symptomatic. IPC insertion or pleurodesis can 
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also be offered to any patient with refractory non-malignant effusions, although the 

evidence is strongest for MPE (288). 

4.1.3.3 Factors affecting rates of cytology positivity 

In patients with MPE who would be suitable for systemic oncological treatment, obtaining 

sufficient material to perform appropriate tests on is vitally important. The data from this 

thesis demonstrates that an initial pleural aspiration is sufficient to guide treatment in 

around 26% of patients, the majority of whom had a diagnosis of lung cancer. Patients with 

gynaecological malignancies, lymphoma or MPM required further diagnostic procedures in 

89% - 95% of cases. This data suggests that a majority of patients are undergoing a 

procedure which does not provide information to guide definitive oncological 

management. As all procedures incur risks, it is concerning that patients are undergoing 

procedures which, for this indication, are unlikely to provide an appreciable benefit, or at 

least a diagnostic benefit which is at best small. The finding of low diagnostic rates in 

particular subsets of patients would need to be assessed in other centres to ensure that 

these findings are uniform across multiple centres, especially in those where access to 

oncology trials are not as widespread as this could influence the need for additional or 

larger samples. 

There was no evidence to suggest that sending larger volumes of fluid was associated with 

a higher rate of cytology positivity or a higher likelihood of producing actionable cytology in 

this cohort. If there are no malignant cells in the pleural fluid, then it follows that a larger 

volume of fluid is not likely to give a diagnostic answer. It would be reasonable to assume 

that, when malignant cells are present in the pleural fluid that a larger volume of fluid 

would mean that a greater volume of material could be collected and analysed, and 

therefore lead to a higher likelihood of ‘actionable’ cytology. Although there was no 

significant difference in volumes between actionable and non-actionable cytology, it is not 

clear whether significantly larger volumes (e.g. double the volume of fluid sent) would 

increase the proportion of patients where cytology was sufficient to guide treatment.   

The results demonstrate that there is a significant difference in cytology positivity due to 

age and sex. The difference in age, whilst significant, is not sufficiently different to inform 

clinical decision making, as the difference in age between the groups is under 5 years and 

so not necessarily clinically applicable. It is possible that cancers related to exposures such 

as asbestos and mesothelioma or smoking and squamous cell cancer present later in life 

and as these are more likely to be associated with negative cytology, the group of patients 
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with cytology negative MPE will be older. Older patients are often more co-morbid and 

may have multiple causes of an effusion, or a greater susceptibility to fluid production due 

to leaky capillaries or transudative mechanisms, thus leading to a cytology negative 

effusion as the malignant pleural infiltration is not the predominant mechanism of fluid 

formation. The exact mechanisms are currently unclear and further research would be 

needed to establish a cause for the differences in ages between the groups.  

The significant difference between the sexes was not explained by excluding the types of 

cancer which would contribute a bias in the population. MPM has a male predominance 

and is associated with negative cytology whilst breast cancer has a higher rate of positive 

cytology (278) and is female dominant but the difference remained even after these factors 

were accounted for. Another factor which was not addressed was smoking history, 

historically there was a higher prevalence of smoking in men and cancers which have a 

closer relationship to smoking, such as squamous cell cancers (289) may be more likely to 

display negative cytology. Regardless of the reasons, this is an important piece of 

information when assessing the likelihood of negative cytology. Larger samples would be 

needed to assess the relationship between types of cancer and rates of actionable 

cytology, both from the cancer origins and cell type. 

4.1.3.4 Utility of radiology in predicting malignancy and positive cytology 

There is a higher radiological suspicion of malignancy when any of Leung’s criteria of 1) 

circumferential pleural thickening; 2) nodular pleural thickening; 3) parietal pleural 

thickening greater than 1 cm; and 4) mediastinal pleural involvement are present (103). 

Burnazović-Ristić et al (2020) also included pleural lesion (nodule, mass or thickening) ≥ 1 

cm, lung mass or nodule ≥ 1 cm, abdominal mass, liver metastases, absence of pleural 

loculations-separations, absence of cardiomegaly and absence of pericardial effusion into a 

scoring system (279). Since it was necessary to have evidence of a pleural lesion, lung mass, 

abdominal mass or evidence of liver metastases to be in the high-risk group, this scoring 

system is unlikely to significantly add to clinical acumen as any of these factors alone would 

be highly suspicious for malignancy. Whilst radiological features of malignancy can add 

weight to decisions to undergo further biopsies, the absence of malignant features does 

not rule out MPE (75).  

There were significant limitations in assessing the radiological parameters related to both 

positive and actionable cytology. The CT scans were often not performed 

contemporaneously with the aspiration so it is possible that the radiological findings 
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assessed could have either appeared due to disease progression or regressed in response 

to treatment in the time period between the aspiration and scans. If further validation was 

desired, then a scan would be needed within a short time period of the aspiration. Further 

retrospective assessment of scans by a specialist radiologist within a certain time window 

(e.g. only those performed within 2 weeks of the aspiration) was considered but since 

different malignancies advance at different rates and each patient has a different 

treatment regime it is unclear whether this would have added any further validity.  

Contemporaneous CT scanning on the day of an aspiration would provide more accurate 

information but would have to be weighed against the cost and increased exposure to 

radiation. 

Pleural thickening and nodularity were radiological features which significantly predicted 

the presence of cytology negative effusions. Due to the known differences in cytology 

positivity in patients with breast cancer and MPM and their associated radiological 

features, the relevant patients were excluded and the data was reanalysed showing that 

significance was maintained. This poses the question of what pathophysiological reasons 

there could be for this finding. One hypothesis would be that some tumours are more likely 

to be planktonic and other have a greater ability to grow as a solid tumour at the pleural 

surface (and therefore being more evident on radiology), rather than secreting malignant 

cells into the space. Larger series would be needed to assess by tumour type, and cancer 

type separately to assess whether either of these factors play a significant role in the 

development of either thickening, or an effusion.  

Assessing the same factors (pleural thickening and nodularity) to determine whether there 

would be actionable cytology from an initial aspiration of pleural fluid would also be 

relevant. In these cases, there was no significant difference between the age, sex or fluid 

volume. The presence of pleural thickening remained significant, although once MPM 

patients were excluded this was no longer the case. Due to smaller numbers of patients in 

this analysis it is possible that the finding may still be relevant, but the numbers included 

are too small to detect this.  

Interestingly the finding of lymphangitis was found to be a significant predictor of 

actionable cytology. This could be a factor demonstrating a more advanced stage at 

diagnosis or could be associated with tumours which are more likely to secrete cells into 

the fluid, compared to those which do not, as discussed previously relating to MPM 

patients.  
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There is some merit in trying to personalise the treatment pathway for patients with MPE. 

It would be reasonable to consider whether gender and some radiological features could 

be used to stratify the likelihood of patients having positive cytology but further work in a 

prospective cohort would be needed to assess the merit of this approach.  

4.1.3.5 Ruling out other diagnoses 

In the case of suspected pleural infection biomarkers such as pleural fluid pH and glucose 

levels can be helpful, but these are only relevant when pleural infection is already 

suspected, and similar pH and glucose values can be produced for both pleural infection 

and MPE (290, 291). If there were high rates of bacterial growth in pleural fluid samples 

when MPE rather than pleural infection was suspected, this would be a compelling reason 

to perform an initial aspiration, rather than going directly to a definitive procedure. This is 

because most definitive procedures are not recommended with active infection. In our 

cohort there were no cases of clinically relevant positive microbiology which does not 

support the idea of using an initial aspiration to rule out infection. As the rates of positive 

microbiology in pleural infection is as low as 20%, this is understandable. Patients with MPE 

do develop pleural infections, especially related to IPCs (196). It is possible a pleural 

infection leading to hospitalisation may also uncover an underlying diagnosis of malignancy 

(292), but this is assumed not to be common at presentation (in times when pleural 

infection is not suspected) which was supported by the data from this cohort. This also 

raises an interesting point of whether further research should be undertaken into the rate 

of iatrogenic pleural infection, after a pleural aspiration. There is a chance of introducing 

infection every time the pleural space is accessed, which supports the idea of performing 

the fewest procedures possible to reduce this risk. 

4.1.3.6 Future directions 

One consideration which could change the diagnostic pathway for MPE would be the 

introduction of a more far-reaching ability to detect tumour cells and mutations in serum 

rather than pleural fluid (so called ‘liquid biopsy’). In patients with NSCLC it is now possible 

to detect the EGFR mutation in the patient’s serum (293) but this is only currently clinically 

utilised in cases where NSCLC has already been diagnosed. The technology detects 

circulating tumour DNA which can theoretically be analysed to confirm cancer type, 

mutation status and at times new resistance to future treatments (294). While these 

advances are exciting there are still many unanswered questions about where their role 

will be in the diagnosis and treatment of cancer as a whole (295). This technology could 
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affect the pleural pathway in the future, but it is not possible to currently predict the 

impact.  

In the future, if it is possible to obtain appropriate pathological samples from circulating 

tumour DNA from blood samples, the use of biomarkers to diagnose MPE would become 

more relevant (99). Oncological treatments for patient with MPE rely on pathological 

samples of tumour cells so a positive diagnosis of MPE through other methods (e.g. 

radiology or biomarkers) is not significantly clinically helpful. Biomarkers to rule out MPE 

may be relevant in patients who would be suitable for radical treatment of cancer 

elsewhere, but this is usually undertaken by methods such as thoracoscopy as the gold 

standard (62, 296), so the sensitivity and specificity would have to reliably replace this as 

the gold standard and this is not currently the case.  

4.1.4 Therapeutic aspiration as the sole management for MPE 

The next factor considered in this section is the utility of the initial aspiration to guide 

management. This is only relevant in patients who are symptomatic from their effusion. An 

aspiration may inform clinicians whether the patient derives symptomatic relief from 

drainage of the effusion and therefore may benefit from a definitive procedure. Likewise, if 

NEL is present, it may lead clinicians to favour an IPC rather than attempting pleurodesis. 

Lastly an aspiration may be sufficient to provide adequate symptomatic relief in patients 

who are unlikely to have a recurrence, either due to prevention of fluid recurrence by 

systemic anticancer treatments or due to short life expectancy. It would be necessary to 

identify in which patients it is likely that control of the pleural space would be obtained 

which would require detailed further study.  

The results from the data in section 3.1.4.3 demonstrates that for patients who require a 

large volume aspiration for therapeutic benefit and for samples to be sent to inform 

management, the proportion of patients who only need to undergo one intervention is less 

than 10%. Of these patients, just under half survived less than 1 month and so could have 

conceivably required further procedures if they had survived for longer. This demonstrates 

the small proportion of patients in whom one aspiration is adequate. This also assumes 

that the patient had no further interventions which were missed during the data collection, 

for example procedures in another hospital or emergency procedures which were not 

recorded on the electronic systems. Likewise, patients who died within a month may have 

had fluid reaccumulation that was managed with palliative medications rather than 
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intervention if their symptoms had not been alleviated for a substantial period from the 

initial aspiration.   

There is some evidence to suggest that chemotherapy can help prevent the need for 

further interventions, but the numbers are too small to draw any definite conclusions. 

Pragmatically, this is a less relevant clinical question as there is often weeks between the 

initial aspiration (which produces a new cancer diagnosis) and starting chemotherapy so it 

is likely that fluid would reaccumulate before the start of chemotherapy. This would make 

interpretation of the efficacy of chemotherapy in preventing fluid recurrence more difficult. 

The literature shows that the number of patients starting treatment within 62 days, as per 

the cancer pathway, is less than 80% (297).  

Since submission of this thesis Holling et al examined 280 patients of which 127 patients 

had tumours which were deemed to be sensitive to anticancer treatments (high-grade 

lymphoma, small cell or target-mutation-positive lung cancer, and hormone-receptor-

positive breast or ovarian cancer). The results showed that in an unadjusted analysis 

systemic anticancer treatment was more effective at providing MPE resolution for patients 

with sensitive compared to non-sensitive malignancies (53/127 [41.7%] vs 42/153 [27.5%]; 

P = .01) but when this was analysed with confounders there was no longer statistically 

significant. As discussed previously this is difficult to accurately analyse due to the large 

number of confounders associated with this outcome and further, more detailed study is 

unlikely to be effective in answering this question due to the same reasons.  

One clear limitation of a retrospective review is that it is affected by the confounders 

within clinical care. Definitive pleural management is often undertaken swiftly after 

diagnosis, or at the time of diagnosis in patients undergoing thoracoscopy, even before 

treatment is started. Anecdotally, in patients who are planned for chemotherapy, IPC 

insertion or pleurodesis is often undertaken with only small volumes of fluid to prevent the 

need for procedures during oncological therapy. It is therefore difficult to assess the effect 

of oncological treatments, which are not started until after definitive management is 

undertaken. The aim of early definitive management is to prevent the patients needing 

further pleural interventions during oncological treatments, where they can experience low 

blood counts which make intervention riskier, but this could mean that some patients who 

may not have had a further fluid build-up have unnecessary interventions, such as IPC or 

pleurodesis. Ethically it would be difficult to undertake a study to address this, as the 

evidence supports the conclusion that the majority of MPE recur and so a large proportion 
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of patients would have interventions delayed, and then undertaken during their oncology 

treatments if definitive management was not offered early. Timing of pleural intervention 

during chemotherapy are usually delayed until a time that the patient’s blood counts are 

recovering, which could extend the time they are symptomatic for, depending on where 

the patient’s symptoms occur within treatment cycles. Pleurodesis is also thought to rely 

on the inflammatory response which may be blunted during oncological treatments. The 

rates of complications for these interventions need to be assessed, to determine whether 

early definitive intervention exposes the patients to higher risks than multiple theoretically 

smaller interventions such as aspirations. It is also important to assess the acceptability of 

the different intervention options, which needs to be used in combination to assess the 

patient experience during this pathway. 

Unsurprisingly the data shows that patients with larger effusions are likely to need more 

than one intervention. One clear reason for this is that, in patients with an effusion 

covering over half of the hemithorax, it is unlikely that it is possible to drain the effusion to 

dryness without exceeding the recommended 1.5L. This means that the patient is still likely 

to have a significant effusion directly after drainage, and whilst symptom may be improved, 

a large effusion remains that the patient or physician may be keen to make plans for 

further interventions straight away.  

Due to a combination of an understandable time delay between diagnosis and treatment, 

the limitations of volume drainage in one sitting and the high levels of recurrence of 

effusions, very few patients will achieve control of the pleural space with one intervention. 

These data support the conclusions that not all patients will benefit from an initial 

aspiration if it is not likely to prevent the need for further interventions. 

4.1.5 The identification of non-expansile lung  

The data from section 3.1.5.4 demonstrates that a chest radiograph after a large volume 

aspiration is a poor tool for predicting NEL. The initial post aspiration chest radiograph only 

revealed proven NEL in 44% of cases but it was even less sensitive when cases of more 

subtle NEL were included where only 24% of cases were identified. There was substantial 

agreement between clinicians when identifying patients who would be counselled against 

an attempt at pleurodesis due to evidence of NEL but much less correlation on whether a 

patient had evidence of subtle NEL.  
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In real-world practice pleurodesis is often attempted due to patient wishes, when there is 

any possibility of pleural apposition (the current guidelines suggest that only 50% 

apposition would be needed for an attempt at pleurodesis). The assessors were specifically 

asked if they would counsel the patient against pleurodesis when assessing the post 

procedure radiographs. If the same radiographs were reviewed with the question altered 

to ask, on the balance of probability, whether the clinician thought pleurodesis would be 

successful, the answer could be very different and likely to produce substantially less 

agreement. This uncertainty is, in part, related to the lack of evidence of whether a small 

degree of NEL contributes to pleurodesis failure.  

An assessment of all patients who had an attempted pleurodesis was undertaken and 

patients with evidence of NEL were more likely to have a failed pleurodesis. The question 

of whether equivocal/subtle NEL was still clinically relevant was also assessed and found to 

still be associated with pleurodesis failure, even when the patients with unequivocal NEL 

were excluded. This suggests that attempting pleurodesis in patients with only 50% pleural 

apposition is still more likely to result in pleurodesis failure than those with fully expansile 

lung. What is clearly shown is that using an initial aspiration as a screening tool to identify 

patients who are likely to fail pleurodesis due to NEL is very poor. Non-invasive ultrasound 

methods such as speckle tracking and M mode ultrasound have a reported sensitivity of 

71% and 50% respectively, although with a specificity of 85% (182), although these 

methods are being assessed using post procedure imaging as the gold standard, which has 

been shown here to be flawed. 

Another key point from the data is that it was only possible to visualise the costophrenic 

angles in between a third and a half of patients, at any point during their drainage, who 

were deemed to have expansile lung. This shows that, in real life clinical practice, for a 

number of patients, the fluid is never drained sufficiently to make a robust assessment of 

whether NEL is present. This supports the supposition that a large volume aspiration is 

often not beneficial in identifying NEL. 

Martin et al also showed that robust identification of NEL was difficult, even in expert 

hands (18) but when it was identified, it was associated with a poorer survival. The same 

group has attempted to use pleural manometry to predict NEL, again using post procedure 

radiographic evidence of less than 50% pleural apposition, as per the BTS guidelines, to 

denote NEL (184).  
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Although there is some merit in detecting NEL to help prognosticate, the main clinical 

relevance is related to pleurodesis failure. Further work should focus on whether any of the 

newer techniques for assessing NEL, can predict which patients will have pleurodesis 

failure. It is possible that techniques such as manometry could identify patients in whom a 

post procedure radiograph shows pleural apposition but are still likely to have a failed 

pleurodesis. A plausible mechanism would be that gravitational pressure during drainage 

pulls the lung completely up to the chest wall, but intrinsic lung recoil, due to an element of 

NEL, exerts itself once the procedure is over, to pull the lung away from the chest wall 

again and therefore leads to pleurodesis failure. If this was the case, manometry would be 

more accurate, even in the presence of full expansion on a chest radiograph. 

These data would suggest that identification of NEL is relevant in predicting pleurodesis 

failure, but even when sufficient fluid has been drained, a post procedure radiograph is a 

poor predictor of NEL. 

4.1.6 Limitations of the study 

This study presents a real-world assessment of patients presenting with a pleural effusion 

which has advantages for the validity of the results to the assessment of any patient 

presenting with a pleural effusion but there are also some limitations. 

The rate of MPE in this cohort was lower than that of recently published cohorts (4) but this 

analysis included all patients, including those with bilateral effusions. One recently 

published study focussed only on those with unilateral effusions and reported the rate of 

MPE to be 515/921 (55.9%) in that population (4). Our cohort also comprised of those who 

were undergoing inpatient treatment including critical care and post-operative patients 

who would be more likely to have reactive or transudative effusions, reducing the 

proportion of MPE.  

A limitation of this study is that it was only performed in a single centre which has a 

specialist pleural service. There is likely to be a greater availability of resources which could 

mean that patients undergo definitive procedures faster or earlier, biasing against those 

who may not have undergone definitive pleural intervention as promptly or may have only 

needed a couple of therapeutic aspirations instead of swiftly undergoing a definitive 

procedure. Likewise, the assessment of whether patients underwent one aspiration or 

more definitive interventions categorized all patients having ‘other’ interventions (such as 

chest drain insertion thoracoscopy without talc) in the same group, but it is unclear what 
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the rates of auto pleurodesis are with these interventions and the types of interventions 

were not recorded in this study to make a further assessment.  

The interventions and treatments undertaken in the study are also based on the decision 

making of one group of clinicians in one hospital which may be different from the 

respiratory and oncology community as a whole. The centre also undertakes many clinical 

trials which could both require more cancer cells for certain assessments to allow entry to 

the trials but may also alter the clinical outcomes of these patients depending on the 

efficacy of treatments. Further work would be needed in a combination of centres 

(including other tertiary centres and district general hospitals), ideally as a randomised 

trial, to give further weight to the conclusions drawn from this work. 

The retrospective nature of this cohort and the assessment from the online records does 

mean that some data could have been missed with regards to clinician decision making. All 

clinic letters, MDT outcomes and discharge summaries are available online, but specific 

ward round notes were not available online for every patient. Decisions regarding history 

of cancer, final diagnosis and evidence of recurrence were all based on the available 

information which may result in missing previous cancer histories or missing evidence of a 

new malignancy within a year, especially if these occurred in different hospitals, although 

these figures are assumed to be low.  

It is possible that emergency procedures performed by cardiothoracic teams, using non 

ultrasound guided blunt dissection drains, or any procedures the specialties described 

above, may not have been recorded. These were assumed to be small in number. 

4.1.7 Ideal Study design 

The optimal study design would be a prospective collection of information on the 

diagnostic pathway in all patients with pleural effusions. This would ideally be over a time 

period of many years and including all patients in whom an effusion was noted whether it 

was sampled or not, as many presumed transudative effusions are managed by treating the 

underlying cause alone. The clinical suspicion of malignancy, or alternative diagnoses, 

would also be prospectively recorded prior to obtaining pleural fluid samples to establish 

how often the results of these tests materially altered the management of these patients.  

There would need to be pre-specified criteria regarding which predictive markers are 

needed for each diagnosis. A decision tree, based on objective criteria would be needed, 

regarding which oncological treatments were appropriate based on a combination of 
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patient factors, such as co-morbidities, performance status and the results of diagnostic 

tests to ensure uniformity regarding oncological management strategies.  

Design methodology would include matched blood and pleural fluid samples for all patients 

to robustly employ Light’s criteria to differentiate transudates from exudates. 

Categorization of the cytology group using prospective criteria for different malignancy 

types, into those where there was sufficient or insufficient cytological material for all 

relevant tests, including molecular studies, would be performed. This would require many 

years to complete and would be a costly cohort study requiring significant resource.  

For patients having a procedure for symptom relief the ideal study design would be a 

prospective assessment of all patients diagnosed with MPE who have a large volume 

aspiration. The study would involve a daily symptom score as well as clinician and 

radiological assessment of fluid recurrence and the rationale for planning further 

procedures. The patients should also have 3D imaging after the aspiration to determine 

whether there is evidence of NEL and how much pleural apposition is present. The study 

should assess different methods of assessing for NEL including pleural manometry and US 

predictors of NEL. The ideal would be to attempt pleurodesis in all these patients to 

establish whether NEL was significant in preventing a successful pleurodesis. There is a 

question regarding whether this would be ethically sound as the assumption is that this 

would be providing a futile treatment in many of these patients with evidence of NEL.  

Chemotherapy treatments would also need to be classified into whether there was a high 

likelihood of preventing fluid recurrence or not. Due to the limited numbers of patients 

who have chemo sensitive malignancies such as small cell lung cancer or lymphoma, a large 

multicentre trial would be needed to provide any meaningful results. 

4.2 PREDICTORS OF PLEURODESIS SUCCESS 

This analysis supports the hypothesis that higher levels of systemic inflammation, using 

serum CRP as a marker, are related to pleurodesis success in patients with MPE not due to 

MPM. Patients with MPE caused by MPM appear less likely to achieve a successful 

pleurodesis, despite evidence of higher systemic inflammatory response to talc. There is no 

evidence to support the dictums that pain, volume of fluid drainage, or time to complete 

drainage have an impact on pleurodesis success rates. 
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4.2.1.1 The effect of Inflammation 

An assumption has been made that the serum CRP levels are a representative assessment 

of inflammation within the pleural space. A successful pleurodesis is theorised to occur 

when intense inflammation occurs in the pleural space, leading to adhesions, thus 

obliterating any space in the pleural cavity preventing further fluid accumulation (149). 

Measuring the serum CRP is a surrogate of pleural inflammation as it is measuring the 

inflammatory response in the systemic system rather than the pleural space. Pleural fluid 

inflammatory mediators have been measured before and after pleurodesis and specific 

cytokines have been associated with pleurodesis success (150) which in turn produces a 

rise in serum CRP (210). Measuring serum markers, such as CRP, rather than pleural fluid 

cytokines, was chosen as it represents an easily obtainable marker which could 

immediately be used in clinical practice if significant signals were identified. Although we 

demonstrated a statistically significant difference in the change in CRP between the groups 

there was no specific cut off which could be used to predict pleurodesis success or be 

clinically applicable. Likewise, there was no signal from baseline values which would aid the 

clinician in decision-making regarding whether to attempt pleurodesis or pursue other 

treatment options. However, these data support the premise that increased inflammation 

is associated with higher pleurodesis success, and there may be specific localised immune 

responses within the pleura associated with pleurodesis success with talc. This hypothesis 

requires specific testing in the pleural space which could be undertaken via serial pleural 

fluid analysis from fluid drawn through an IPC and further laboratory work could explore 

different pathways of inflammation which may produce a more robust way to assess and 

possibly induce pleurodesis. 

4.2.1.2 VAS pain scores 

This analysis verifies the clinical observation that pleurodesis causes significant pain, as the 

established minimal clinically significant threshold of 13mm for the VAS pain score (142) 

was reached between enrolment and 24 hours post pleurodesis. Baseline and average VAS 

scores over 24 hours in the success and failure groups were similar, demonstrating that the 

clinical assumption that higher levels of pain predict pleurodesis success is not accurate. In 

the original TIME1 analysis there was no difference between the groups with regards to the 

effectiveness of NSAIDs versus opiates, and thus an assumption has been made that the 

baseline analgesic effects between the groups were equivalent.  
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4.2.1.3 Symptoms and fluid drainage 

These data do not support the dictum that the duration of symptoms of MPE, or volume of 

fluid drained, affects the likelihood of pleurodesis success, although these parameters are 

more difficult to accurately assess than pain and inflammation. Patients with SCLC and 

lymphoma, which are both reported to produce high volumes of fluid, were excluded. The 

duration of symptoms from MPE can be variable between patients, as there are often other 

co-morbidities causing symptoms and patient recall may be variable. It is not possible to 

objectively obtain information regarding the duration in which the fluid was building unless 

there were recurrent radiological assessments which is rarely available retrospectively in 

patients with a new diagnosis of MPE. The volume of fluid drained does not account for 

speed of fluid accumulation, which might play a larger role than absolute volume drained. 

With these caveats, there was consistently no signal in any analysis suggesting that fluid 

volume drained affects outcome but for this particular question the limitations are likely to 

undermine any conclusions drawn regarding these questions. 

4.2.1.4 MPM 

The rates of successful pleurodesis in MPM patients was significantly lower than that seen 

in other malignancies. There were higher rates of non-expansile lung in those with MPM, 

but this did not reach statistical significance, likely due to small numbers. Rates of non-

expansile lung of around 41% have been reported (190) in small series of less than 200 

patients, and a high proportion of these were due to MPM. The rates of non-expansile lung 

in those with MPM in the TIME 1 study are likely to underestimate the true prevalence, as 

patients with known non-expansile lung would not be put forward for pleurodesis. When 

patients with non-expansile lung were excluded from the pleurodesis analysis there was no 

longer a significant difference between the groups, but again this may be due to the sample 

size. 

Evidence to support the hypothesis that reduced inflammation due to the reduced surface 

area of normal pleura in patients with MPM was not evident in our study (149). Rates of 

inflammation, using change in CRP as a surrogate marker, were in fact higher in patients 

with MPE associated with MPM than in those with other cancers, despite a lower rate of 

pleurodesis success. This is an interesting finding and we postulate that it may be due to a 

more intense inflammatory process on talc administration in those with MPM, but that 

additionally there is insufficient remaining normal visceral pleural surface to permit pleural 
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symphysis. The precise relationship between intensity of initial pleural inflammatory 

response and final pleural symphysis clearly requires further study. 

4.2.1.5 Limitations 

Although these results clearly show that there is an association between systemic 

inflammation and pleurodesis success, this is merely a surrogate for pleural inflammation. 

Further work is needed to ensure that the assumption that the increase in both pleural and 

systemic inflammation is concordant. Assessment of the intrapleural biology pre and post 

pleurodesis would be helpful in establishing which mechanisms may promote pleurodesis 

success and whether the patient’s own immune system will predetermine whether a 

pleurodesis is likely to be successful. 

The data regarding how long symptoms due to the effusion had been present for, prior to 

randomisation, is not robust as there may be numerous confounding factors. Likewise, 

patients who have had recent aspirations may have a lower volume of fluid drained during 

the study but may be producing fluid faster than their counterparts in the study and the 

speed of fluid build up could be related to pleurodesis success, but this information was not 

available and would be difficult to assess directly. 

4.2.1.6 Conclusions 

This study suggests that previous fluid volumes drained, or speed of drainage should not 

affect the clinician’s decision to undertake pleurodesis. The patients with a greater 

inflammatory response are more likely to have a successful pleurodesis, which may not 

change clinical decision making but could provide a focus for further translational research, 

which has already started being undertaken in this area (175). Despite good background 

analgesia, pleurodesis causes significant pain, although of note the degree of pain does not 

predict pleurodesis success. When new pleurodesis agents are developed, those which 

promote inflammation without causing pain will have a clear utility in management of MPE. 

Patients with MPE due to MPM appear to behave differently in response to pleurodesis 

compared with those with MPE from other types of pleural cancer and should be 

counselled as such when discussing therapeutic options. 

4.3 PREVENTING CHEST DRAIN DISPLACEMENT 

This study is the first bespoke randomised study designed to address fall out rate and 

displacement with an objective and verifiable definition and criteria, and the first to 

specifically assess a novel chest tube to reduce fall out rate. 
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4.3.1.1 Drain displacement 

There was a higher rate of displacement in the non-balloon arm (10.1%) compared to the 

balloon arm (3.9%) but this did not reach statistical significance. The assumption was based 

on the review after 50 patients where a 12% displacement rate in the control arm was 

demonstrated, this was found to be reduced to 10% in the final results. This reduction in 

the rate of displacement in the control arm would suggest that the study was 

underpowered to detect a difference. If 10% displacement was assumed in the control arm, 

the sample size should have been 388, which is around a third more to detect a difference. 

A further multivariate analysis taking into account whether the drain was sutured showed 

that both sutures and balloon drains were significantly associated with a decreased rate of 

displacement. Likewise, if only the balloon drains which functioned correctly were included 

then the rate of displacement was significantly lower than those undergoing standard care.  

A number of clinicians opted not to suture the balloon drains which, in the majority, did not 

present a problem, but in those where there was a malfunction in the balloon apparatus, 

they easily became displaced. The main thrust of the trial was to reduce displacement, not 

replace a suture, and this finding would suggest that the balloon should only be used as an 

adjunct, not as a replacement for suturing. One unfortunate problem with the trial was a 

batch of drains with a faulty valve which led to a number of balloons deflating whilst still in 

situ. There was clear documentation of problems in 9 cases but there were 24 cases where 

balloon integrity was not checked after removal, or the volume of fluid removed from the 

balloon was nor recorded and a further 6 instances where the balloon was reported to be 

intact but less 4mls water were obtained from the balloon before removal. When a smaller 

volume of fluid was removed, this would suggest that either an insufficient amount of fluid 

was instilled or that some fluid leaked out of the balloon during the time it remained in 

situ, both events may mean that the balloon drain was not functioning optimally. Out of 

the cases where it was reported that less than 4mls were obtained from the balloon before 

removal, there were no cases of displacement out of the 84 cases.  

4.3.1.2 Drain insertion and removal 

There were 10 instances where it was not possible to insert a ballooned drain, but a 

standard drain could be inserted instead. In the non-balloon arm there was only one 

instance where a second drain could be inserted after a failed initial insertion which would 

suggest that the ballooned drains are more difficult to insert. This is understandable in 

some cases as there is a small ridge where the balloon has been affixed to the outer surface 
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of the chest drain which could cause difficult in more complex anatomy. If a model could be 

created with a balloon completely incorporated into the drain it may be possible to 

overcome this issue. One confounding factor was that there was a larger proportion of 

balloon drains inserted by consultants as opposed to junior clinicians. It may be reasonable 

to assume that consultants are more experienced in chest drain insertion and junior 

clinicians may have had even more increased difficulty in insertion of a ballooned drain.  

A bigger issue was the difficulties with removal in the balloon arm. The tract which was 

dilated to insert the ballooned drain was for a 14F rather than a 12F drain, due to the 

increased diameter created by the addition of the balloon. The track would then partially 

heal around the rest of the drain, which was 12F in diameter, leaving the slightly wider part 

in the pleural cavity. At the time of removal, the balloon would be deflated which would 

also sometimes leave ridges as it collapsed down. These ridges and the slightly greater 

diameter of the drain at the location of the balloon would often lead to some difficulty and 

discomfort on removing the drain. There were no instances where the drain had to be 

surgically removed but extra incisions were needed at times and many operators 

specifically reported increased pain at the time of removal. 

The principle of using a balloon as an adjunct to prevent drain displacement is sound but 

producing a product which would prevent the issues noted in this trial is difficult. If a 

product could be introduced which did not lead to an external ridge, to allow for easier 

placement and removal, this may prevent the problems documented in this trial. This is 

likely to be expensive to produce and may not be cost effective in all circumstance. There 

were no consequences of the drain displacing in 10/18 patients where displacement 

occurred. Use of a ballooned catheter could be considered in patients where the risks of 

drain displacement outweigh the risks or discomfort of difficulties with removal, for 

example in patients who wish to undergo pleurodesis, or those with pneumothorax where 

displacement of the drainage holes could lead to subcutaneous emphysema. Likewise, 

patients in the intensive care unit, who are likely to have a much higher risk of 

displacement may benefit from ballooned drains as the difficulties of positioning patients 

for drain insertion is often appreciably increased.  

4.3.1.3 Ideal study design 

The ideal design would be a randomised control trial to compare the rates of drain 

displacement, which prevented pleurodesis being undertaken, in a population of patients 

with MPE. Whilst this would be possible the study would have to be performed over a 
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longer time period to enrol the appropriate number of patients and the follow up period 

would have to be significantly longer with calculations for a higher rate of drop out due to 

the high rates of mortality in this population. 

4.3.1.4 Conclusions 

When considering whether a new piece of equipment would be beneficial a number of 

factors need to be considered. Firstly, is there a problem which needs solving? A review of 

the evidence in section 1.3.8.3 demonstrates that drain displacement is a common 

problem, which was corroborated in this study. Drain displacement occurs, even in drains 

inserted and secured by pleural experts, often in specialist centres, in a trial where the 

clinicians are aware that displacement rates are being monitored. In less experienced 

hands, in a real-world setting it would be reasonable that the displacement rate would be 

higher, but this cannot be referenced from the literature as only drain fall out was recorded 

in recent audits (266, 298) rather than including all drains which were displaced. The data 

from this study also showed that where drain displacement occurred, there were no clinical 

consequences for the majority of patients, which is a new and novel finding. It would 

therefore be reasonable to conclude that a greater benefit may occur in a specific 

population where the clinical consequences of drain displacement would be higher, such as 

patients admitted specifically for a chest drain and talc pleurodesis. The second 

consideration is whether there is an increased level of risk or adverse events associated 

with the new equipment. The data from this study showed that there were more adverse 

events related to the balloon drain, in particular, more problems with insertion and 

removal. Any problems with drain removal were subjectively recorded by the researchers 

at each centre and there were no pre-specified objective criteria regarding what was 

classed as a problem with drain removal, which means an element of bias could have been 

introduced. As discussed in section 4.3.1.2 there are ways in which the drain could be 

streamlined to reduce or eliminate this problem. Lastly, an assessment of cost effectiveness 

should be undertaken for any new equipment, but this would not be possible as the 

balloon drain is not currently commercially available, but this would have to be taken into 

account if the drain was introduced into clinical practice.  

There is not enough evidence currently to support the routine use of a ballooned 

intercostal drain in clinical practice, but it could be considered in situations where the drain 

remaining in situ for a prolonged period or in clinical circumstances where the chance of 

drain displacement was higher. 
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5 CONCLUSIONS AND FURTHER WORK 

5.1 CONCLUSIONS 

The data in this thesis provides a number of strands of evidence which suggest that the 

current diagnostic pathway for the workup of an undiagnosed pleural effusion needs 

reconsideration. Specifically, the strongest criticism is that an aspiration as the initial 

diagnostic investigation of choice may no longer be needed in all patients where MPE is 

suspected. An initial definitive procedure (both diagnostically and therapeutically. e.g. 

thoracoscopy or image guided biopsy and IPC) could be considered at presentation for a 

proportion of patients.  

Diagnostically, the initial aspiration provides two types of information; immediate 

assessments e.g. visual assessment (a creamy, non-odourous effusion is suspicious for a 

chylothorax) or point of care testing (pleural fluid haematocrit diagnosing a haemothorax) 

and delayed results (pleural fluid biochemistry, microbiology and cytology). The results of 

visual assessments and point of care tests would still be available, if a combined diagnostic 

and therapeutic procedure was planned and could change immediate management, but 

delayed results would not be available. It is therefore important to determine whether 

these delayed results make a material difference to the diagnostic pathway.  

The finding of transudative biochemistry did not prevent the need for further investigations 

in all cases, in the cohort analysed and 4.3% of cases of MPE in our cohort were 

transudative in nature. There were no true positive microbiological samples in this cohort 

during the initial aspiration which demonstrates that avoiding a definitive intervention due 

to the concern that a pleural infection could be missed is likely to be unnecessary. Pleural 

infection is also a known complication after interventions which would support the 

rationale for aiming to perform the smallest number of interventions possible. The rate of 

positive cytology is unchanged at around 50-60% but in the era of personalised medicine 

this was only adequate to guide management in 26% of the patients diagnosed with MPE 

and further samples were needed in the majority of patients. These findings within the 

analysis, in a real-world cohort, reflect the information in previously published studies.  

In 24% of cases the initial aspiration was enough to guide further treatment so in patients 

with a small effusion who do not need further intervention for symptomatic improvement 

this is still a very appropriate first step in many cases.  
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A review of radiological data demonstrated that malignant features such as pleural 

thickening or nodularity were more likely to produce negative pleural fluid cytology 

whereas features such as lymphangitis were significantly associated with positive pleural 

fluid cytology. Evidence from this work and recently published trial data (94) would support 

a straight to thoracoscopy approach from a diagnostic point of view but this would need to 

be weighed against the increased risks of performing a thoracoscopy and patient 

preference. 

For patients in whom an aspiration was performed for both diagnostic and therapeutic 

benefit the balance of risk and benefit is slightly different. Further procedures after an 

aspiration were needed in the majority of these patients. A review of the literature showed 

that patients only experience maximal symptomatic relief for a few days after an 

aspiration, so the aspiration is likely to only be a temporising measure. This would also 

suggest that even patients with a short life expectancy may benefit from a definitive 

intervention. It is possible that chemotherapy may be effective in preventing fluid build-up 

after an aspiration, but treatment is often not started until weeks after diagnosis by which 

time the fluid has usually already reoccurred. If, in the majority of patients, it is likely that a 

definitive intervention will be needed, it is unclear why the definitive procedure could not 

be undertaken straight away in some cases. 

It is assumed that the requirement for having an initial aspiration was due to the historic 

preference for inpatient pleurodesis. In those cases, admitting a patient, who was likely to 

be in their last weeks or months of life, for pleurodesis should be carefully considered to 

ensure that there will be overall benefit for the patient. The initial aspiration was 

performed to ensure that the patient experienced a symptomatic benefit from fluid 

drainage and identify NEL, which may prevent pleurodesis. This work shows that a chest 

radiograph after an initial aspiration is very poor in identifying NEL and therefore predicting 

which patients will experience pleurodesis failure. If pleurodesis is to be attempted, then 

other methods of assessing NEL are needed to make a more accurate assessment. Non-

invasive ultrasound assessments can be performed prior to any intervention and if a 

patient opts for pleurodesis, this could negate the need for an aspiration prior. Likewise, 

pleural manometry can identify NEL and this can be undertaken at the time of the 

definitive procedure, again guiding patients away from pleurodesis in those who are likely 

to have NEL. This reason for an aspiration is not relevant in patients who opt for an IPC as 

this can be effective in patients with both expansile and non-expansile lung. 
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This thesis also assessed whether it would be possible to improve the chance of patients 

having a successful pleurodesis, either by assessing patient factors to determine which 

patients were likely to experience pleurodesis success or by improving the method of 

pleurodesis. Extensive work has already been undertaken in this area with some excellent 

results (equivalence of talc slurry and poudrage (15)) but many questions still remain (see 

section 1.4). The two areas examined in this thesis was whether any clinical factors which 

affect pleurodesis success could be identified and whether pleurodesis could be 

undertaken more successfully if drain displacement was prevented. 

One of the risks of undertaking pleurodesis is that it will fail in around a quarter of patients 

who will then require further pleural procedures, even in those with fully expansile lung. 

Section 1.3.7.1.1 in the introduction reviewed the relevant evidence and found conflicting 

information regarding predictors of pleurodesis success, except a general recognition that 

MPM was associated with lower levels of successful pleurodesis. An analysis of the TIME1 

cohort provided some information into the mechanisms of pleurodesis, confirming that 

inflammation is likely to play a key role but did not find any new factors which could predict 

pleurodesis success. Unfortunately, the baseline assessments between the pleurodesis 

success and failure groups were similar but the results supported the previously published 

data showing that patients with MPM have a lower rate of successful pleurodesis.  

Drain displacement is a well-recognised reason for failure to be able to undertake 

pleurodesis and the TIME1 trial demonstrated dislodgement in 24/57 (42%) of 12F drains 

during the trial. This is one area of pleurodesis failure which could be addressed. A 

randomised trial (BASIC) was undertaken, assessing whether use of a ballooned catheter 

could prevent drain displacement. The results did show some evidence that a balloon 

catheter may be able to reduce drain displacement, but this was not statistically significant 

in the unadjusted analysis. When the ballooned catheters which had malfunctioned were 

removed from the analysis there was a statistically significant difference in drain 

displacement. This would have been relevant to the MPE patient population as preventing 

drain displacement would help patients undergo the process of pleurodesis correctly (as 

clinicians are often reluctant to give talc unless the drain is clearly still within the pleural 

space as it could lead to a localised reaction so both displacement and fall out were 

relevant). The use of the ballooned catheter was associated with significantly increased 

difficulties with drain insertion and removal so may not be appropriate for the population 

of MPE patients where the main focus is on symptom management. Problematic 

procedures are against this ethos where possible, but an informed discussion with the 
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patient regarding the risks of pleurodesis failure due to drain displacement compared to 

the difficulties with insertion and removal could be undertaken. 

The data from this thesis has not materially advanced either the patient selection or 

method of producing a successful pleurodesis. In comparison to the advances in the field of 

IPCs noted in section 1.3.6, it makes the idea of an inpatient pleurodesis less attractive, 

especially when it is possible to pleurodese via an IPC, albeit with a lower success rate (16). 

Further work into whether pleural manometry can be used to identify patients who have a 

higher likelihood of pleurodesis success or assessing the utility of suction when planning a 

pleurodesis may make this procedure more effective. Conversely, if research into the 

optimal method of achieving pleurodesis as an outpatient improves the rate of pleurodesis 

success to similar levels as inpatient pleurodesis, it is possible that an inpatient talc slurry 

pleurodesis will become a second line treatment option.  

It is likely that there will always be a cohort of patients who are happy to undergo an 

inpatient admission, rather than having to manage a pleural drain at home. In patients who 

opt for an inpatient pleurodesis, where diagnostic samples are required to guide 

oncological treatment, it is important that it is confirmed that adequate and actionable 

cytology has been collected before this procedure is undertaken. This is because it would 

not be possible to collect further histological samples via thoracoscopy (the gold standard 

test) if a successful pleurodesis has been achieved. In the group of patients opting for 

inpatient pleurodesis, the choice would be to perform a pleural aspiration and 

subsequently admit the patient for a talc slurry pleurodesis if the cytology samples are 

considered actionable, or directly undertake a thoracoscopic talc poudrage, assuming that 

there is evidence of malignancy at thoracoscopy and the operator is able to obtain 

adequate biopsy samples.  

The key area in which an aspiration may not be necessary are in those patients who are 

highly likely to have an MPE and were aiming to opt for IPC insertion over pleurodesis. In 

these patients the results from an initial aspiration regarding the likelihood of NEL are not 

relevant. The procedure is also reversible so if the diagnosis of MPE was not confirmed or 

there was little symptomatic benefit the IPC could easily be removed without significant 

problems before any adherence to the cuff which keeps the IPC in place had developed.  

The earlier use of IPCs may be preferable in the future if the use of intrapleural treatments 

gain traction. The idea that stimulation of the immune system improved prognosis in 

patients with cancer has been reported since the 1970’s when it was noted that patients 
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who developed pleural infection after resection for lung cancer had a better survival (299). 

Ren et al (2004) also reported increased survival after intrapleural administration of 

Staphylococcus aureus superantigen, a T cell stimulant (241). This seemed to be bourne out 

in more recent retrospective reviews in patients with IPC related infection in patients with 

MPE but more especially with MPM (300). The hypothesis is that the immune system stops 

effectively recognising cancer cells and that an acute insult re-awakens the immune system 

which then restarts anti-tumoural mechanisms. This led to the idea of instilling treatments 

intrapleurally to mimic the same response without the associated morbidity and mortality 

from pleural infection (241). Since the studies were generally small, a recent large database 

study by Bibby et al (2019) including 22,215 patients was undertaken but did not support 

this hypothesis and reported shorter survival with pleural infection (301). The reason for 

the difference in outcomes is unclear. The INFINITE trial (NCT03710876) aims to instil 

adenovirus containing interferon alpha 2b gene intrapleurally with the aim of causing 

tumour cells death but in conjunction with celecoxib which is a non-steroidal anti-

inflammatory drug leading to COX-2 inhibition as COX-2 overexpression has been 

associated with a poor prognosis in MPM (302). The pathways causing inflammation have 

been implicated in both the development of malignancy and a possible treatment 

opportunity (303). It is important to definitively clarify which mechanisms improve survival 

to allow for effective intrapleural treatments if this field of research progresses. In a future 

where intrapleural treatments are shown to be effective, IPC insertion may not only be for 

symptom relief but also for treatment delivery.    

There is likely to always be a role for an aspiration. For example, in patients who are 

expected to need a thoracoscopy (e.g. high suspicion of MPM) but present with a 

symptomatic effusion and there is a delay until the next thoracoscopy appointment is 

available; a large volume aspiration would be used as a temporising measure. Likewise, for 

patient preference or if patients only have a small effusion and fluid is needed for 

diagnostic purposes, or it is unclear whether an effusion represents an MPE and therefore 

is unclear whether reaccumulation is likely then an initial aspiration is likely to be the 

investigation of choice. 

The patients in whom an aspiration is less likely to be of benefit, as shown from the data in 

this thesis are those who present with a large pleural effusion which is strongly suspected 

to represent an MPE and are likely to be suitable for oncological treatment. These patients 

often undergo multiple procedures, and diagnosis can be delayed by insufficient samples 

from pleural fluid. In patients where there is already a high clinical suspicion of MPE the 
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results of the biochemical and microbiological analysis are unlikely to change the diagnostic 

pathway according to the data in this thesis. Even if MPE is confirmed cytologically, then 

the samples may not always be sufficient to guide treatment. Of the entire cohort around 

half of the patients had a procedure undertaken to provide diagnostic information and 

symptomatic relief. The literature has shown that an aspiration often only provides 

symptomatic relief for a short period of time and a large proportion of patients require 

further procedures. An alternative management pathway could be produced for the 

subgroup of patients with symptomatic effusions, who are likely to be suitable for 

oncological treatment where the effusion is strongly suspected to represent an MPE. 

5.2 FURTHER WORK 

5.2.1 Proposed pathway 

With the widespread introduction of the IPC, a new pathway may be possible for 

symptomatic patients where there is a high suspicion of MPE.  

From a diagnostic point of view, fluid can be sampled at the time of IPC insertion, and if the 

sample is diagnostic but larger volumes of material are needed then fluid can be drained 

from the IPC without performing any further procedures. Unlike pleurodesis, insertion of 

an IPC does not immediately obliterate the pleural space, therefore if further biopsies are 

needed, thoracoscopy could be performed around the IPC.  

From a therapeutic point of view the IPC has further advantages; if the patient does not 

experience symptomatic benefit from IPC insertion it is easy to remove an IPC in the early 

stages. This is due to the fact that adhesions around the cuff take time to form, which is 

what anchors the IPC in place. If the patient experiences symptomatic benefit but would 

prefer that pleurodesis is attempted to aid IPC removal, this can be undertaken through the 

IPC. Likewise, aggressive drainage regimes can also induce autopleurodesis. With ongoing 

drainage, it is more likely that the entire pleural cavity is evacuated and NEL can be 

identified, either through radiology, symptomatology (pain during drainage and a negative 

pressure noted when connected to an underwater seal), which may demonstrate that an 

attempt at pleurodesis via IPC would not be effective. Lastly in patients who are starting 

chemotherapy, which is postulated to be effective in controlling fluid, the IPC can be used 

as a temporising measure.  

An IPC could be inserted with the understanding that its use would be reassessed within a 

week with the pathology results. If the results were positive the patient could opt for IPC 
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removal (if they did not feel there was any symptomatic benefit), pleurodesis and 

aggressive drainage if they were keen on drain removal or ongoing symptomatic drainage if 

that was their preference. If there is no evidence of malignancy the drain should be easy to 

remove after a week as the cuff will not have embedded and so should be removed similar 

to a conventional chest drain. 

A further step could be introduced at the beginning of the pathway. If an algorithm can be 

developed to predict the likelihood of incomplete cytology, patients could be triaged direct 

to a biopsy at the time of IPC insertion. This could be undertaken at thoracoscopy or using 

an ultrasound guided cutting needle biopsy, which could be taken through the same tract 

as the IPC insertion, to obtain early histology. Information regarding radiological features, 

gender and suspected type of primary could be used to create this algorithm. 

This algorithm could also include patients whose preference would be for an inpatient 

pleurodesis. The data from Tsim et al (94) identifying patients who would benefit from 

going ‘straight to LAT (thoracoscopy)’ could be refined slightly including the radiological 

factors associated with negative cytology reported in this thesis. Patients opting for 

pleurodesis could be offered an aspiration then later admission for pleurodesis where 

there was a higher likelihood of actionable cytology or a direct to thoracoscopy approach 

where a high likelihood of negative cytology was present.  

Figure 32. Flow chart for proposed new pleural pathway 
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1. Effusions which are suspicious for MPE include histologically proven cancer 

elsewhere and an unexplained effusion (50), meeting any of Leung’s criteria (103) 

or any other features suspicious for malignancy (279). 

2. A performance status of two or less could be the definition of patients who are 

suitable for oncological treatment as this is the threshold past which systemic 

oncological treatments would not usually be considered (304).  

3. Features predictive of positive cytology from this thesis would include radiological 

features such as the presence of lymphangitis and the absence of pleural 

thickening and nodularity.  

4. Visual features to suggest malignancy at thoracoscopy are not uniformly reported 

but experienced thoracoscopists can identify metastatic pleural disease in 82.5% of 

patients (274). Further work is ongoing to establish whether specific features or 

anatomical distribution of these features can accurately predict malignant 

involvement. 

5. A large volume aspiration of 500-1500mls as per the current BTS guidelines (5) 

remains valid. As per the ‘Prefers IPC’ flowchart, image guided pleural biopsies 

could be considered at this time. 

6. NEL can be assessed with chest radiographs, manometry or with newer US 

techniques. 

7. Image guided pleural biopsies have been shown to have a lower rate of 

complications so are considered here as a first step before thoracoscopy, but 

further work would be needed to assess whether this is effective and safe as a first 

step. 

A requirement of this pathway is that a CT scan needs to have been undertaken prior to the 

initial intervention, which may not be appropriate in a patient with a significant symptom 

burden where it would delay intervention. It also may not be acceptable to patients to 

move through the pathway so quickly or be discharged from the first healthcare contact 

with an IPC in situ.  

There are currently no steps on this flowchart for the removal of an IPC due to a confirmed 

non-malignant diagnosis. This is partly due to the fact that radiological features of 

malignancy are more specific (80% - 90% in a recent studies (75, 305)), albeit less sensitive 

and so it is assumed that there would be only a small proportion of patients where IPC 

removal for this reason would be necessary. IPCs can also be used to control recurrent non-

malignant effusions, so the IPC could remain in situ, in the correct clinical context, if 
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providing adequate symptomatic control. If the pathway was beneficial in the subset of 

patients where MPE is highly suspected, it may be useful to extend the criteria to include 

those with a lower clinical suspicion and ascertain the rate of unnecessary biopsies or IPC 

insertions (e.g. for patients where only an initial aspiration would have been sufficient). 

There are a number of stages in this flowchart which would need to be refined once further 

information was available. The decision to include features predictive of positive, rather 

than actionable cytology was due to the loss of predictive significance of some of the 

radiological features in the analysis. It may also be possible to produce a more detailed 

predictive algorithm regarding factors which are associated with actionable cytology to 

improve the flowchart. Likewise, an assessment of NEL performed both by ultrasound, 

manometry and chest radiographs, especially in those planned for a pleurodesis, may 

provide information regarding the optimal diagnostic methodology for NEL in relation to 

patients who are likely to experience a failed pleurodesis. Lastly, it is unclear whether 

image guided biopsies are a safe an effective first step before considering thoracoscopy 

which is a key question for the future. 

In a situation where funding and recruitment were not limiting factors, there could also be 

multiple points of randomisation within the new pathway. For example, in patients who 

prefer an IPC and are likely to have negative cytology, it would be possible to randomise to 

either IPC insertion during thoracoscopy or combined IPC and pleural biopsies, comparing 

outcomes and tolerability. Another area to consider would be different combinations of 

radiological features or testing a predictive algorithm using age and sex as additional 

factors. Lastly it would be possible to explore the characteristics of patients who do not 

experience symptomatic benefit and assess different management strategies for 

symptomatic control.  

Figure 33. Proposed flow chart for patients who prefer pleurodesis 
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Figure 34. Proposed flow chart for patients who prefer IPC 
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Although the proposed pathway aims to reduce the number of unnecessary procedures, it 

is vitally important to ascertain whether this pathway would be acceptable to patients. The 

IPC data from section 1.3.6 shows that patients complain of ongoing pain with drainage of 

the IPC (204) and that late complications such as pleural infection can occur (19). Data 

regarding the inconvenience of IPC complications and of the necessity for ongoing contact 

with healthcare professionals along with any other concerns must be assessed in future 

trials related to new pathways or interventions.  

It is also important to assess how many patients undergo IPC removal due to lack of fluid 

reaccumulation or due to an alternative diagnosis which does not require long term 

drainage. Undertaking a randomised trial comparing the conventional pathway to the 

pathway proposed in figure 32 may provide corroboration of whether the change would be 

beneficial. Assessment of the pathway would need to include three key outcomes; 

diagnostic success of the pathway, rate of complications between arms and patient 

reported outcomes. 
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5.2.2 Further questions which need to be answered 

The evidence still shows that an inpatient pleurodesis is likely to be more successful than 

an outpatient pleurodesis (16, 50), although not in a direct comparative trial, but the 

reasons for this are unclear. One reason postulated is that ongoing drainage through an 

underwater seal, keeping the pleural space ‘dry’, promotes a successful pleurodesis. 

Further work could include a trial of pleurodesis via an IPC but with an inpatient stay and 

an underwater seal, until drainage volumes have reduced to <250mls per day, as per 

current guidance. 

Other future trials could assess: 

1. The complication rates of each pleural procedure and of pleural procedures in 

combination (e.g. thoracoscopy and IPC insertion) 

2. Longitudinal patient experience of both IPC and patients who underwent talc 

pleurodesis 

3. Prospective assessment of radiological features predicting positive and sufficient 

pleural fluid cytology 

4. The rates of pleurodesis success via an IPC when using the inpatient underwater seal 

method 

5. The utility of using IPC as a first line treatment, rather than aspiration, in patients with 

a symptomatic effusion and a high suspicion of MPE assessing: 

a) Patient satisfaction 

b) Diagnostic rate 

c) Rate of IPC removal due to lack of need, lack of benefit or complications 

Although this thesis questions the current guidelines, there are many further questions 

which need to be answered to provide a new evidence based, patient centred pathway. 

The decision making for the management is complicated and involves patient wishes at the 

centre, but it is difficult to convey the options to patients in understandable terms. Newer 

technology has been utilised in online decision tools and advice, to help patients make 

decisions. These advances need to be incorporated into trials moving forward, along with 

the advances in research to produce an effective and informative new pathway for patients 

with malignant pleural disease. 

 

  



199 
 

6 REFERENCES 

1. Management of malignant pleural effusions. American journal of respiratory and 
critical care medicine. 2000;162(5):1987-2001. 
2. Egan AM, McPhillips D, Sarkar S, Breen DP. Malignant pleural effusion. Qjm. 
2014;107(3):179-84. 
3. Sahn SA. Malignancy metastatic to the pleura. Clinics in chest medicine. 
1998;19(2):351-61. 
4. Arnold DT, De Fonseka D, Perry S, Morley A, Harvey JE, Medford A, et al. 
Investigating unilateral pleural effusions: the role of cytology. The European respiratory 
journal. 2018;52(5). 
5. Roberts ME, Neville E, Berrisford RG, Antunes G, Ali NJ. Management of a 
malignant pleural effusion: British Thoracic Society Pleural Disease Guideline 2010. Thorax. 
2010;65 Suppl 2:ii32-40. 
6. Sicolo E, Aprile V, Bacchin D, Korasidis S, Ambrogi MC, Lucchi M. Expectancy 
survival of malignant pleural effusion patients treated with thoracoscopic pleurodesis 
related to histology. Journal of Xiangya Medicine. 2020;5. 
7. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global 
cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36 
cancers in 185 countries. CA Cancer J Clin. 2021. 
8. Skok K, Hladnik G, Grm A, Crnjac A. Malignant Pleural Effusion and Its Current 
Management: A Review. Medicina (Kaunas). 2019;55(8):490. 
9. Lai XB, Chen LQ, Chen SH, Xia HO. An examination of home-based end-of-life care 
for cancer patients: a qualitative study. BMC palliative care. 2019;18(1):115. 
10. Psallidas I, Yousuf A, Talwar A, Hallifax RJ, Mishra EK, Corcoran JP, et al. Assessment 
of patient-reported outcome measures in pleural interventions. BMJ Open Respiratory 
Research. 2017;4(1). 
11. Sivakumar P, Saigal A, Ahmed L. Quality of life after interventions for malignant 
pleural effusions: a systematic review. BMJ Supportive &amp;amp; Palliative Care. 
2020;10(1):45. 
12. Hooper C, Lee YC, Maskell N. Investigation of a unilateral pleural effusion in adults: 
British Thoracic Society Pleural Disease Guideline 2010. Thorax. 2010;65 Suppl 2:ii4-17. 
13. Davies HE, Davies RJ, Davies CW. Management of pleural infection in adults: British 
Thoracic Society Pleural Disease Guideline 2010. Thorax. 2010;65 Suppl 2:ii41-53. 
14. MacDuff A, Arnold A, Harvey J. Management of spontaneous pneumothorax: 
British Thoracic Society Pleural Disease Guideline 2010. Thorax. 2010;65 Suppl 2:ii18-31. 
15. Bhatnagar R, Piotrowska HEG, Laskawiec-Szkonter M, Kahan BC, Luengo-Fernandez 
R, Pepperell JCT, et al. Effect of Thoracoscopic Talc Poudrage vs Talc Slurry via Chest Tube 
on Pleurodesis Failure Rate Among Patients With Malignant Pleural Effusions: A 
Randomized Clinical Trial. Jama. 2020;323(1):60-9. 
16. Bhatnagar R, Keenan EK, Morley AJ, Kahan BC, Stanton AE, Haris M, et al. 
Outpatient Talc Administration by Indwelling Pleural Catheter for Malignant Effusion. The 
New England journal of medicine. 2018;378(14):1313-22. 
17. Thomas R, Fysh ETH, Smith NA, Lee P, Kwan BCH, Yap E, et al. Effect of an 
Indwelling Pleural Catheter vs Talc Pleurodesis on Hospitalization Days in Patients With 
Malignant Pleural Effusion: The AMPLE Randomized Clinical Trial. Jama. 2017;318(19):1903-
12. 
18. Martin GA, Kidd AC, Tsim S, Halford P, Bibby A, Maskell NA, et al. Inter-observer 
variation in image interpretation and the prognostic importance of non-expansile lung in 
malignant pleural effusion. Respirology (Carlton, Vic). 2019. 



200 
 

19. Davies HE, Mishra EK, Kahan BC, Wrightson JM, Stanton AE, Guhan A, et al. Effect 
of an indwelling pleural catheter vs chest tube and talc pleurodesis for relieving dyspnea in 
patients with malignant pleural effusion: the TIME2 randomized controlled trial. Jama. 
2012;307(22):2383-9. 
20. Muruganandan S, Azzopardi M, Thomas R, Fitzgerald DB, Kuok YJ, Cheah HM, et al. 
The Pleural Effusion And Symptom Evaluation (PLEASE) study of breathlessness in patients 
with a symptomatic pleural effusion. The European respiratory journal. 2020;55(5). 
21. Krzyszczyk P, Acevedo A, Davidoff EJ, Timmins LM, Marrero-Berrios I, Patel M, et al. 
The growing role of precision and personalized medicine for cancer treatment. Technology 
(Singap World Sci). 2018;6(3-4):79-100. 
22. Nan X, Xie C, Yu X, Liu J. EGFR TKI as first-line treatment for patients with advanced 
EGFR mutation-positive non-small-cell lung cancer. Oncotarget. 2017;8(43):75712-26. 
23. Spella M, Giannou AD, Stathopoulos GT. Switching off malignant pleural effusion 
formation-fantasy or future? Journal of thoracic disease. 2015;7(6):1009-20. 
24. Donnenberg AD, Luketich JD, Dhupar R, Donnenberg VS. Treatment of malignant 
pleural effusions: the case for localized immunotherapy. Journal for ImmunoTherapy of 
Cancer. 2019;7(1):110. 
25. Feller-Kopman D, Light R. Pleural Disease. The New England journal of medicine. 
2018;378(8):740-51. 
26. Zocchi L. Physiology and pathophysiology of pleural fluid turnover. The European 
respiratory journal. 2002;20(6):1545-58. 
27. Broaddus VC, Wiener-Kronish JP, Staub NC. Clearance of lung edema into the 
pleural space of volume-loaded anesthetized sheep. Journal of applied physiology 
(Bethesda, Md : 1985). 1990;68(6):2623-30. 
28. Agency NPS. Rapid Response Report NPSA/2008/RRR003: Risks of Chest Drain 
Insertion. London, National Health Service; 2008. 
29. Skaarup SH, Folkersen BH. Ultrasound-assisted aspiration of loculated 
pneumothorax: A new technique. Journal of clinical ultrasound : JCU. 2016;44(5):326-30. 
30. Mercaldi CJ, Lanes SF. Ultrasound guidance decreases complications and improves 
the cost of care among patients undergoing thoracentesis and paracentesis. Chest. 
2013;143(2):532-8. 
31. Patel PA, Ernst FR, Gunnarsson CL. Ultrasonography guidance reduces 
complications and costs associated with thoracentesis procedures. Journal of clinical 
ultrasound : JCU. 2012;40(3):135-41. 
32. Diacon AH, Brutsche MH, Soler M. Accuracy of pleural puncture sites: a prospective 
comparison of clinical examination with ultrasound. Chest. 2003;123(2):436-41. 
33. Cavanna L, Mordenti P, Berte R, Palladino MA, Biasini C, Anselmi E, et al. 
Ultrasound guidance reduces pneumothorax rate and improves safety of thoracentesis in 
malignant pleural effusion: report on 445 consecutive patients with advanced cancer. 
World journal of surgical oncology. 2014;12:139. 
34. Perazzo A, Gatto P, Barlascini C, Ferrari-Bravo M, Nicolini A. Can ultrasound 
guidance reduce the risk of pneumothorax following thoracentesis? Jornal brasileiro de 
pneumologia : publicacao oficial da Sociedade Brasileira de Pneumologia e Tisilogia. 
2014;40(1):6-12. 
35. Kohan JM, Poe RH, Israel RH, Kennedy JD, Benazzi RB, Kallay MC, et al. Value of 
chest ultrasonography versus decubitus roentgenography for thoracentesis. The American 
review of respiratory disease. 1986;133(6):1124-6. 
36. Wu HD, Yang PC, Kuo SH, Luh KT. Ultrasonography in complete chest X-ray 
opacification of hemithorax. Taiwan yi xue hui za zhi Journal of the Formosan Medical 
Association. 1989;88(7):694-9. 



201 
 

37. Havelock T, Teoh R, Laws D, Gleeson F. Pleural procedures and thoracic ultrasound: 
British Thoracic Society Pleural Disease Guideline 2010. Thorax. 2010;65 Suppl 2:ii61-76. 
38. Rahman NM, Singanayagam A, Davies HE, Wrightson JM, Mishra EK, Lee YCG, et al. 
Diagnostic accuracy, safety and utilisation of respiratory physician-delivered thoracic 
ultrasound. Thorax. 2010;65(5):449-53. 
39. Light RW, Macgregor MI, Luchsinger PC, Ball WC, Jr. Pleural effusions: the 
diagnostic separation of transudates and exudates. Annals of internal medicine. 
1972;77(4):507-13. 
40. Light RW LY. Textbook of Pleural Disease. 2016(3rd Ed). 
41. Vives M, Porcel JM, Vicente de Vera M, Ribelles E, Rubio M. A study of Light's 
criteria and possible modifications for distinguishing exudative from transudative pleural 
effusions. Chest. 1996;109(6):1503-7. 
42. Roth BJ, O'Meara TF, Cragun WH. The serum-effusion albumin gradient in the 
evaluation of pleural effusions. Chest. 1990;98(3):546-9. 
43. Romero-Candeira S, Hernández L, Romero-Brufao S, Orts D, Fernández C, Martín C. 
Is it meaningful to use biochemical parameters to discriminate between transudative and 
exudative pleural effusions? Chest. 2002;122(5):1524-9. 
44. Walker S, Maskell N. Identification and management of pleural effusions of 
multiple aetiologies. Current opinion in pulmonary medicine. 2017;23(4):339-45. 
45. Vansteenkiste J, Crinò L, Dooms C, Douillard JY, Faivre-Finn C, Lim E, et al. 2nd 
ESMO Consensus Conference on Lung Cancer: early-stage non-small-cell lung cancer 
consensus on diagnosis, treatment and follow-up. Annals of oncology : official journal of 
the European Society for Medical Oncology. 2014;25(8):1462-74. 
46. Lutz ST, Jones J, Chow E. Role of radiation therapy in palliative care of the patient 
with cancer. Journal of clinical oncology : official journal of the American Society of Clinical 
Oncology. 2014;32(26):2913-9. 
47. Putora PM, Früh M, Kern L. The place of radiotherapy in the palliative management 
of NSCLC. Breathe. 2011;8(2):134. 
48. Saito Y, Hayakawa K, Nakayama Y, Katano S, Furuta M, Ishikawa H, et al. Radiation 
therapy for stage III non-small cell lung cancer invading chest wall. Lung Cancer. 
1997;18(2):171-8. 
49. Thiryayi SA, Rana DN, Narine N, Najib M, Bailey S. Establishment of an 
endobronchial ultrasound-guided transbronchial fine needle aspiration service with rapid 
on-site evaluation: 2 years experience of a single UK centre. Cytopathology. 
2016;27(5):335-43. 
50. Rahman NM, Pepperell J, Rehal S, Saba T, Tang A, Ali N, et al. Effect of Opioids vs 
NSAIDs and Larger vs Smaller Chest Tube Size on Pain Control and Pleurodesis Efficacy 
Among Patients With Malignant Pleural Effusion: The TIME1 Randomized Clinical Trial. 
Jama. 2015;314(24):2641-53. 
51. Porcel JM, Vives M, Esquerda A, Salud A, Perez B, Rodriguez-Panadero F. Use of a 
panel of tumor markers (carcinoembryonic antigen, cancer antigen 125, carbohydrate 
antigen 15-3, and cytokeratin 19 fragments) in pleural fluid for the differential diagnosis of 
benign and malignant effusions. Chest. 2004;126(6):1757-63. 
52. Antonangelo L, Sales RK, Cora AP, Acencio MM, Teixeira LR, Vargas FS. Pleural fluid 
tumour markers in malignant pleural effusion with inconclusive cytologic results. Current 
oncology (Toronto, Ont). 2015;22(5):e336-41. 
53. Zhang ZH, Han YW, Liang H, Wang LM. Prognostic value of serum CYFRA21-1 and 
CEA for non-small-cell lung cancer. Cancer medicine. 2015;4(11):1633-8. 
54. Gorgun D, Secik F, Midilli K, Akkaya V, Yildiz P. Diagnostic and prognostic 
significance of survivin levels in malignant pleural effusion. Respiratory medicine. 
2013;107(8):1260-5. 



202 
 

55. Wang F, Yang L, Gao Q, Huang L, Wang L, Wang J, et al. CD163+CD14+ 
macrophages, a potential immune biomarker for malignant pleural effusion. Cancer 
immunology, immunotherapy : CII. 2015;64(8):965-76. 
56. Shen YC, Liu MQ, Wan C, Chen L, Wang T, Wen FQ. Diagnostic accuracy of vascular 
endothelial growth factor for malignant pleural effusion: A meta-analysis. Experimental and 
therapeutic medicine. 2012;3(6):1072-6. 
57. Tian P, Shen Y, Feng M, Zhu J, Song H, Wan C, et al. Diagnostic accuracy of 
endostatin for malignant pleural effusion: A clinical study and meta-analysis. Postgraduate 
medicine. 2015;127(5):529-34. 
58. Chen Y, Liang B, Zhao YJ, Wang SC, Fan YB, Wu GP. Transcription expression and 
clinical significance of vascular endothelial growth factor mRNA and endostatin mRNA in 
pleural effusions of patients with lung cancer. Diagnostic cytopathology. 2012;40(4):287-
91. 
59. Churg A, Sheffield BS, Galateau-Salle F. New Markers for Separating Benign From 
Malignant Mesothelial Proliferations: Are We There Yet? Archives of pathology & 
laboratory medicine. 2016;140(4):318-21. 
60. Chung CT, Santos Gda C, Hwang DM, Ludkovski O, Pintilie M, Squire JA, et al. FISH 
assay development for the detection of p16/CDKN2A deletion in malignant pleural 
mesothelioma. Journal of clinical pathology. 2010;63(7):630-4. 
61. Woolhouse I, Bishop L, Darlison L, de Fonseka D, Edey A, Edwards J, et al. BTS 
guideline for the investigation and management of malignant pleural mesothelioma. BMJ 
Open Respir Res. 2018;5(1):e000266. 
62. Roeslin N, Kessler R. [What is the role of thoracoscopy in the preoperative staging 
of non-small cell bronchial cancer?]. Revue des maladies respiratoires. 1992;9 Suppl 
4:R247-51. 
63. Schrijver WAME, Schuurman K, van Rossum A, Dutch Distant Breast Cancer 
Metastases C, Peeters T, Ter Hoeve N, et al. Loss of steroid hormone receptors is common 
in malignant pleural and peritoneal effusions of breast cancer patients treated with 
endocrine therapy. Oncotarget. 2017;8(33):55550-61. 
64. Parente Lamelas I, Abal Arca J, Firvida Perez JL. Directed therapies in lung cancer: 
new hope? Archivos de bronconeumologia. 2012;48(10):367-71. 
65. Krawczyk P, Ramlau R, Chorostowska-Wynimko J, Powrózek T, Lewandowska MA, 
Limon J, et al. The efficacy of EGFR gene mutation testing in various samples from non-
small cell lung cancer patients: a multicenter retrospective study. Journal of cancer 
research and clinical oncology. 2015;141(1):61-8. 
66. Loveland P, Christie M, Hammerschlag G, Irving L, Steinfort D. Diagnostic yield of 
pleural fluid cytology in malignant effusions: an Australian tertiary centre experience. 
Internal medicine journal. 2018;48(11):1318-24. 
67. Sasse S, Nguyen TK, Mulligan M, Wang NS, Mahutte CK, Light RW. The effects of 
early chest tube placement on empyema resolution. Chest. 1997;111(6):1679-83. 
68. Heffner JE, Brown LK, Barbieri C, DeLeo JM. Pleural fluid chemical analysis in 
parapneumonic effusions. A meta-analysis. American journal of respiratory and critical care 
medicine. 1995;151(6):1700-8. 
69. Rodriguez-Panadero F, Lopez Mejias J. Low glucose and pH levels in malignant 
pleural effusions. Diagnostic significance and prognostic value in respect to pleurodesis. 
The American review of respiratory disease. 1989;139(3):663-7. 
70. Mercer RM, Corcoran JP, Porcel JM, Rahman NM, Psallidas I. Interpreting pleural 
fluid results. Clinical medicine (London, England). 2019;19(3):213-7. 
71. Crnjac A, Sok M, Kamenik M. Impact of pleural effusion pH on the efficacy of 
thoracoscopic mechanical pleurodesis in patients with breast carcinoma. European journal 



203 
 

of cardio-thoracic surgery : official journal of the European Association for Cardio-thoracic 
Surgery. 2004;26(2):432-6. 
72. Boersma WG, Stigt JA, Smit HJM. Treatment of haemothorax. Respiratory medicine. 
2010;104(11):1583-7. 
73. Hallifax RJ, Haris M, Corcoran JP, Leyakathalikhan S, Brown E, Srikantharaja D, et al. 
Role of CT in assessing pleural malignancy prior to thoracoscopy. Thorax. 2015;70(2):192-3. 
74. Traill ZC, Davies RJ, Gleeson FV. Thoracic computed tomography in patients with 
suspected malignant pleural effusions. Clinical radiology. 2001;56(3):193-6. 
75. Tsim S, Stobo DB, Alexander L, Kelly C, Blyth KG. The diagnostic performance of 
routinely acquired and reported computed tomography imaging in patients presenting with 
suspected pleural malignancy. Lung Cancer. 2017;103:38-43. 
76. Tsim S, Humphreys CA, Cowell GW, Stobo DB, Noble C, Woodward R, et al. Early 
Contrast Enhancement: A novel magnetic resonance imaging biomarker of pleural 
malignancy. Lung Cancer. 2018;118:48-56. 
77. de Fonseka D, Underwood W, Stadon L, Rahman N, Edey A, Rogers C, et al. 
Randomised controlled trial to compare the diagnostic yield of positron emission 
tomography CT (PET-CT) TARGETed pleural biopsy versus CT-guided pleural biopsy in 
suspected pleural malignancy (TARGET trial). BMJ Open Respir Res. 2018;5(1):e000270. 
78. Mercer R, Munavvar M, Rahman NM. Pleural Interventions—Thoracoscopy.  
Reference Module in Biomedical Sciences: Elsevier; 2019. 
79. Rahman NM, Ali NJ, Brown G, Chapman SJ, Davies RJ, Downer NJ, et al. Local 
anaesthetic thoracoscopy: British Thoracic Society Pleural Disease Guideline 2010. Thorax. 
2010;65 Suppl 2:ii54-60. 
80. Roberts JR, Blum MG, Arildsen R, Drinkwater DC, Jr., Christian KR, Powers TA, et al. 
Prospective comparison of radiologic, thoracoscopic, and pathologic staging in patients 
with early non-small cell lung cancer. The Annals of thoracic surgery. 1999;68(4):1154-8. 
81. Sconfienza L, Mauri G, Grossi F, Truini M, Serafini G, Sardanelli F, et al. Pleural and 
Peripheral Lung Lesions: Comparison of US- and CT-guided Biopsy. Radiology. 2012;266. 
82. Ashchi M, Golish J, Eng P, O'Donovan P. Transudative malignant pleural effusions: 
prevalence and mechanisms. Southern medical journal. 1998;91(1):23-6. 
83. Assi Z, Caruso JL, Herndon J, Patz EF, Jr. Cytologically proved malignant pleural 
effusions: distribution of transudates and exudates. Chest. 1998;113(5):1302-4. 
84. Gonlugur TE, Gonlugur U. Transudates in malignancy: still a role for pleural fluid. 
Annals of the Academy of Medicine, Singapore. 2008;37(9):760-3. 
85. Ryu JS, Ryu ST, Kim YS, Cho JH, Lee HL. What is the clinical significance of 
transudative malignant pleural effusion? The Korean journal of internal medicine. 
2003;18(4):230-3. 
86. Psallidas I, Kanellakis NI, Bhatnagar R, Ravindran R, Yousuf A, Edey AJ, et al. A Pilot 
Feasibility Study in Establishing the Role of Ultrasound-Guided Pleural Biopsies in Pleural 
Infection (The AUDIO Study). Chest. 2018. 
87. Bibby AC, Clive AO, Slade GC, Morley AJ, Fallon J, Psallidas I, et al. Survival in 
Patients With Malignant Pleural Effusions Who Developed Pleural Infection: A 
Retrospective Case Review From Six UK Centers. Chest. 2015;148(1):235-41. 
88. Salyer WR, Eggleston JC, Erozan YS. Efficacy of pleural needle biopsy and pleural 
fluid cytopathology in the diagnosis of malignant neoplasm involving the pleura. Chest. 
1975;67(5):536-9. 
89. Nance KV, Shermer RW, Askin FB. Diagnostic efficacy of pleural biopsy as compared 
with that of pleural fluid examination. Modern pathology : an official journal of the United 
States and Canadian Academy of Pathology, Inc. 1991;4(3):320-4. 
90. Prakash UB, Reiman HM. Comparison of needle biopsy with cytologic analysis for 
the evaluation of pleural effusion: analysis of 414 cases. Mayo Clin Proc. 1985;60(3):158-64. 



204 
 

91. Garcia LW, Ducatman BS, Wang HH. The value of multiple fluid specimens in the 
cytological diagnosis of malignancy. Modern pathology : an official journal of the United 
States and Canadian Academy of Pathology, Inc. 1994;7(6):665-8. 
92. Lim MH, Garrettc J, Mowlem L, Yap E. Diagnosing malignant pleural effusions: how 
do we compare? The New Zealand medical journal. 2013;126(1381):42-8. 
93. Porcel JM. Biomarkers in the diagnosis of pleural diseases: a 2018 update. Ther Adv 
Respir Dis. 2018;12:1753466618808660-. 
94. Tsim S, Paterson S, Cartwright D, Fong CJ, Alexander L, Kelly C, et al. Baseline 
predictors of negative and incomplete pleural cytology in patients with suspected pleural 
malignancy - Data supporting 'Direct to LAT' in selected groups. Lung Cancer. 
2019;133:123-9. 
95. Harada S, Agosto-Arroyo E, Levesque JA, Alston E, Janowski KM, Coshatt GM, et al. 
Poor cell block adequacy rate for molecular testing improved with the addition of Diff-
Quik–stained smears: Need for better cell block processing. Cancer Cytopathology. 
2015;123(8):480-7. 
96. El-Deiry WS, Goldberg RM, Lenz H-J, Shields AF, Gibney GT, Tan AR, et al. The 
current state of molecular testing in the treatment of patients with solid tumors, 2019. CA: 
A Cancer Journal for Clinicians. 2019;69(4):305-43. 
97. Pinto D, Schmitt F. Current applications of molecular testing on body cavity fluids. 
Diagnostic cytopathology. 2020;48(9):840-51. 
98. DeMaio A, Clarke JM, Dash R, Sebastian S, Wahidi MM, Shofer SL, et al. Yield of 
Malignant Pleural Effusion for Detection of Oncogenic Driver Mutations in Lung 
Adenocarcinoma. Journal of bronchology & interventional pulmonology. 2019;26(2):96-
101. 
99. Liu X, Lu Y, Zhu G, Lei Y, Zheng L, Qin H, et al. The diagnostic accuracy of pleural 
effusion and plasma samples versus tumour tissue for detection of EGFR mutation in 
patients with advanced non-small cell lung cancer: comparison of methodologies. Journal 
of clinical pathology. 2013;66(12):1065-9. 
100. Liu L, Shao D, Deng Q, Tang H, Wang J, Liu J, et al. Next generation sequencing-
based molecular profiling of lung adenocarcinoma using pleural effusion specimens. 
Journal of thoracic disease. 2018;10(5):2631-7. 
101. Pinelli V, Laroumagne S, Sakr L, Marchetti GP, Tassi GF, Astoul P. Pleural fluid 
cytological yield and visceral pleural invasion in patients with epithelioid malignant pleural 
mesothelioma. Journal of thoracic oncology : official publication of the International 
Association for the Study of Lung Cancer. 2012;7(3):595-8. 
102. Froudarakis ME, Plojoux J, Kaspi E, Anevlavis S, Laroumagne S, Karpathiou G, et al. 
Positive pleural cytology is an indicator for visceral pleural invasion in metastatic pleural 
effusions. The clinical respiratory journal. 2018;12(3):1011-6. 
103. Leung AN, Muller NL, Miller RR. CT in differential diagnosis of diffuse pleural 
disease. AJR American journal of roentgenology. 1990;154(3):487-92. 
104. Seo JB, Im JG, Goo JM, Chung MJ, Kim MY. Atypical pulmonary metastases: 
spectrum of radiologic findings. Radiographics. 2001;21(2):403-17. 
105. Petrofsky M. Management of Malignant Pericardial Effusion. J Adv Pract Oncol. 
2014;5(4):281-9. 
106. Abunasser J, Brown R. Safety of large-volume thoracentesis. Connecticut medicine. 
2010;74(1):23-6. 
107. Ault MJ, Rosen BT, Scher J, Feinglass J, Barsuk JH. Thoracentesis outcomes: a 12-
year experience. Thorax. 2015;70(2):127-32. 
108. Hooper CE, Welham SA, Maskell NA. Pleural procedures and patient safety: a 
national BTS audit of practice. Thorax. 2014. 



205 
 

109. Barnes TW, Morgenthaler TI, Olson EJ, Hesley GK, Decker PA, Ryu JH. 
Sonographically guided thoracentesis and rate of pneumothorax. Journal of clinical 
ultrasound : JCU. 2005;33(9):442-6. 
110. Hooper CE, Welham SA, Maskell NA. Pleural procedures and patient safety: a 
national BTS audit of practice. Thorax. 2015;70(2):189-91. 
111. Devine MD, Sellar CE, Medford AR. Asymptomatic re-expansion pulmonary oedema 
with bilateral infiltrates. Postgraduate medical journal. 2014;90(1063):300-1. 
112. Volpicelli G, Fogliati C, Radeschi G, Frascisco M. A case of unilateral re-expansion 
pulmonary oedema successfully treated with non-invasive continuous positive airway 
pressure. European journal of emergency medicine : official journal of the European Society 
for Emergency Medicine. 2004;11(5):291-4. 
113. Corcoran JP, Psallidas I, Wrightson JM, Hallifax RJ, Rahman NM. Pleural procedural 
complications: prevention and management. Journal of thoracic disease. 2015;7(6):1058-
67. 
114. Echevarria C, Twomey D, Dunning J, Chanda B. Does re-expansion pulmonary 
oedema exist? Interactive cardiovascular and thoracic surgery. 2008;7(3):485-9. 
115. Papakonstantinou DK, Gatzioufas ZI, Tzegas GI, Stergiopoulos PI, Tsokantaridis CG, 
Chalikias GK, et al. Unilateral pulmonary oedema due to lung re-expansion following 
pleurocentesis for spontaneous pneumothorax. The role of non-invasive continuous 
positive airway pressure ventilation. Int J Cardiol. 2007;114(3):398-400. 
116. Collins TR, Sahn SA. Thoracocentesis. Clinical value, complications, technical 
problems, and patient experience. Chest. 1987;91(6):817-22. 
117. Clive AO, Taylor H, Dobson L, Wilson P, de Winton E, Panakis N, et al. Prophylactic 
radiotherapy for the prevention of procedure-tract metastases after surgical and large-bore 
pleural procedures in malignant pleural mesothelioma (SMART): a multicentre, open-label, 
phase 3, randomised controlled trial. The Lancet Oncology. 2016. 
118. McVay PA, Toy PT. Lack of increased bleeding after paracentesis and thoracentesis 
in patients with mild coagulation abnormalities. Transfusion. 1991;31(2):164-71. 
119. Puchalski JT, Argento AC, Murphy TE, Araujo KLB, Pisani MA. The Safety of 
Thoracentesis in Patients with Uncorrected Bleeding Risk. Annals of the American Thoracic 
Society. 2013;10(4):336-41. 
120. Patel IJ, Davidson JC, Nikolic B, Salazar GM, Schwartzberg MS, Walker TG, et al. 
Consensus Guidelines for Periprocedural Management of Coagulation Status and 
Hemostasis Risk in Percutaneous Image-guided Interventions. Journal of Vascular and 
Interventional Radiology.23(6):727-36. 
121. Martinez-Moragon E, Aparicio J, Rogado MC, Sanchis J, Sanchis F, Gil-Suay V. 
Pleurodesis in malignant pleural effusions: a randomized study of tetracycline versus 
bleomycin. European Respiratory Journal. 1997;10(10):2380. 
122. Loddenkemper R. Thoracoscopy--state of the art. European Respiratory Journal. 
1998;11(1):213. 
123. Menzies R, Charbonneau M. Thoracoscopy for the diagnosis of pleural disease. 
Annals of internal medicine. 1991;114(4):271-6. 
124. Cantó A, Blasco E, Casillas M, Zarza AG, Padilla J, Pastor J, et al. Thoracoscopy in the 
diagnosis of pleural effusion. Thorax. 1977;32(5):550. 
125. Ferrer J, Roldán J, Teixidor J, Pallisa E, Gich I, Morell F. Predictors of pleural 
malignancy in patients with pleural effusion undergoing thoracoscopy. Chest. 
2005;127(3):1017-22. 
126. Hansen M, Faurschou P, Clementsen P. Medical thoracoscopy, results and 
complications in 146 patients: a retrospective study. Respiratory medicine. 1998;92(2):228-
32. 



206 
 

127. Lee P, Hsu A, Lo C, Colt HG. Prospective evaluation of flex-rigid pleuroscopy for 
indeterminate pleural effusion: accuracy, safety and outcome. Respirology (Carlton, Vic). 
2007;12(6):881-6. 
128. Froudarakis ME. New challenges in medical thoracoscopy. Respiration; 
international review of thoracic diseases. 2011;82(2):197-200. 
129. Wei Y, Shen K, Lv T, Liu H, Wang Z, Wu J, et al. Comparison between closed pleural 
biopsy and medical thoracoscopy for the diagnosis of undiagnosed exudative pleural 
effusions: a systematic review and meta-analysis. Transl Lung Cancer Res. 2020;9(3):446-
58. 
130. Solooki M, Miri M. Approach to undiagnosed exudative pleural effusion: the 
diagnostic yield of blind pleural biopsy. Caspian journal of internal medicine. 2013;4(2):642-
7. 
131. Chakrabarti B, Ryland I, Sheard J, Warburton CJ, Earis JE. The role of Abrams 
percutaneous pleural biopsy in the investigation of exudative pleural effusions. Chest. 
2006;129(6):1549-55. 
132. Hallifax RJ, Corcoran JP, Ahmed A, Nagendran M, Rostom H, Hassan N, et al. 
Physician-based ultrasound-guided biopsy for diagnosing pleural disease. Chest. 
2014;146(4):1001-6. 
133. Metintas M, Yildirim H, Kaya T, Ak G, Dundar E, Ozkan R, et al. CT Scan-Guided 
Abrams' Needle Pleural Biopsy versus Ultrasound-Assisted Cutting Needle Pleural Biopsy 
for Diagnosis in Patients with Pleural Effusion: A Randomized, Controlled Trial. Respiration; 
international review of thoracic diseases. 2016;91(2):156-63. 
134. Maskell NA, Gleeson FV, Davies RJ. Standard pleural biopsy versus CT-guided 
cutting-needle biopsy for diagnosis of malignant disease in pleural effusions: a randomised 
controlled trial. Lancet (London, England). 2003;361(9366):1326-30. 
135. Diacon AH, Schuurmans MM, Theron J, Schubert PT, Wright CA, Bolliger CT. Safety 
and yield of ultrasound-assisted transthoracic biopsy performed by pulmonologists. 
Respiration; international review of thoracic diseases. 2004;71(5):519-22. 
136. Sconfienza LM, Mauri G, Grossi F, Truini M, Serafini G, Sardanelli F, et al. Pleural 
and peripheral lung lesions: comparison of US- and CT-guided biopsy. Radiology. 
2013;266(3):930-5. 
137. Mercer RM, Psallidas I, Rahman NM. Ultrasound in the management of pleural 
disease. Expert review of respiratory medicine. 2017;11(4):323-31. 
138. Wan YY, Zhai CC, Lin XS, Yao ZH, Liu QH, Zhu L, et al. Safety and complications of 
medical thoracoscopy in the management of pleural diseases. BMC pulmonary medicine. 
2019;19(1):125. 
139. de Campos JR, Vargas FS, de Campos Werebe E, Cardoso P, Teixeira LR, Jatene FB, 
et al. Thoracoscopy talc poudrage : a 15-year experience. Chest. 2001;119(3):801-6. 
140. Reddy C, Ernst A, Lamb C, Feller-Kopman D. Rapid pleurodesis for malignant pleural 
effusions: a pilot study. Chest. 2011;139(6):1419-23. 
141. Boujaoude Z, Bartter T, Abboud M, Pratter M, Abouzgheib W. Pleuroscopic 
Pleurodesis Combined With Tunneled Pleural Catheter for Management of Malignant 
Pleural Effusion: A Prospective Observational Study. Journal of bronchology & 
interventional pulmonology. 2015;22(3):237-43. 
142. Gallagher EJ, Liebman M, Bijur PE. Prospective validation of clinically important 
changes in pain severity measured on a visual analog scale. Annals of emergency medicine. 
2001;38(6):633-8. 
143. Ishida K, Ando S, Komatsu H, Kinoshita S, Mori Y, Akechi T. Psychological burden on 
patients with cancer of unknown primary: from onset of symptoms to initial treatment. 
Japanese journal of clinical oncology. 2016;46(7):652-60. 



207 
 

144. Janssen JP, Collier G, Astoul P, Tassi GF, Noppen M, Rodriguez-Panadero F, et al. 
Safety of pleurodesis with talc poudrage in malignant pleural effusion: a prospective cohort 
study. Lancet (London, England). 2007;369(9572):1535-9. 
145. Diacon AH, Wyser C, Bolliger CT, Tamm M, Pless M, Perruchoud AP, et al. 
Prospective randomized comparison of thoracoscopic talc poudrage under local anesthesia 
versus bleomycin instillation for pleurodesis in malignant pleural effusions. American 
journal of respiratory and critical care medicine. 2000;162(4 Pt 1):1445-9. 
146. Shaw P, Agarwal R. Pleurodesis for malignant pleural effusions. The Cochrane 
database of systematic reviews. 2004(1):Cd002916. 
147. Tabatabaei SA, Hashemi SM, Kamali A. Silver nitrate versus tetracycline in 
pleurodesis for malignant pleural effusions; a prospective randomized trial. Advanced 
biomedical research. 2015;4:178. 
148. Xia H, Wang XJ, Zhou Q, Shi HZ, Tong ZH. Efficacy and safety of talc pleurodesis for 
malignant pleural effusion: a meta-analysis. PloS one. 2014;9(1):e87060. 
149. Rodriguez-Panadero F, Montes-Worboys A. Mechanisms of pleurodesis. 
Respiration; international review of thoracic diseases. 2012;83(2):91-8. 
150. Hsu L-H, Soong TC, Chu N-M, Huang C-Y, Kao S-H, Lin Y-F. The Inflammatory 
Cytokine Profile of Patients with Malignant Pleural Effusion Treated with Pleurodesis. J Clin 
Med. 2020;9(12):4010. 
151. Hojski A, Leitgeb M, Crnjac A. Release of growth factors after mechanical and 
chemical pleurodesis for treatment of malignant pleural effusion: a randomized control 
study. Radiology and oncology. 2015;49(4):386-94. 
152. Gary Lee YC, Teixeira LR, Devin CJ, Vaz MA, Vargas FS, Thompson PJ, et al. 
Transforming growth factor-beta2 induces pleurodesis significantly faster than talc. 
American journal of respiratory and critical care medicine. 2001;163(3 Pt 1):640-4. 
153. Maskell NA, Lee YC, Gleeson FV, Hedley EL, Pengelly G, Davies RJ. Randomized trials 
describing lung inflammation after pleurodesis with talc of varying particle size. American 
journal of respiratory and critical care medicine. 2004;170(4):377-82. 
154. Dresler CM, Olak J, Herndon JE, 2nd, Richards WG, Scalzetti E, Fleishman SB, et al. 
Phase III intergroup study of talc poudrage vs talc slurry sclerosis for malignant pleural 
effusion. Chest. 2005;127(3):909-15. 
155. Sonoda A, Jeudy J, White CS, Kligerman SJ, Nitta N, Lempel J, et al. Pleurodesis: 
indications and radiologic appearance. Japanese journal of radiology. 2015;33(5):241-5. 
156. Murray JF MR, editors. Murray and Nadel’s textbook of respiratory medicine. 
Philadelphia, PA: Saunders/Elsevier; 2010. 
157. Ibrahim IM, Dokhan AL, El-Sessy AA, Eltaweel MF. Povidone-iodine pleurodesis 
versus talc pleurodesis in preventing recurrence of malignant pleural effusion. Journal of 
cardiothoracic surgery. 2015;10:64. 
158. Petrov D, Mihalova T, Valchev D. Malignant pleural effusions and trapped lung. 
AME Medical Journal. 2020;5. 
159. Huggins JT, Doelken P, Sahn SA. The unexpandable lung. F1000 Med Rep. 
2010;2:77-. 
160. Huggins JT, Maldonado F, Chopra A, Rahman N, Light R. Unexpandable lung from 
pleural disease. Respirology (Carlton, Vic). 2018;23(2):160-7. 
161. Light RW, Jenkinson SG, Minh VD, George RB. Observations on pleural fluid 
pressures as fluid is withdrawn during thoracentesis. The American review of respiratory 
disease. 1980;121(5):799-804. 
162. Feller-Kopman D, Walkey A, Berkowitz D, Ernst A. The relationship of pleural 
pressure to symptom development during therapeutic thoracentesis. Chest. 
2006;129(6):1556-60. 



208 
 

163. Feller-Kopman D, Berkowitz D, Boiselle P, Ernst A. Large-volume thoracentesis and 
the risk of reexpansion pulmonary edema. The Annals of thoracic surgery. 2007;84(5):1656-
61. 
164. Lentz RJ, Lerner AD, Pannu JK, Merrick CM, Roller L, Walston C, et al. Routine 
monitoring with pleural manometry during therapeutic large-volume thoracentesis to 
prevent pleural-pressure-related complications: a multicentre, single-blind randomised 
controlled trial. The Lancet Respiratory medicine. 2019;7(5):447-55. 
165. Leverenz A, Heckmayr M, Tischer-Neuhauss R, Gatzemeier U. Intrapleural palliative 
treatment of malignant pleural effusions with talcum versus placebo (pleural tube alone). 
Lung Cancer. 2000;29(1):274-5. 
166. Izbicki R, Weyhing BT, 3rd, Baker L, Caoili EM, Vaitkevicius VK. Pleural effusion in 
cancer patients. A prospective randomized study of pleural drainage with the addition of 
radioactive phsophorous to the pleural space vs. pleural drainage alone. Cancer. 
1975;36(4):1511-8. 
167. Sorensen PG, Svendsen TL, Enk B. Treatment of malignant pleural effusion with 
drainage, with and without instillation of talc. European journal of respiratory diseases. 
1984;65(2):131-5. 
168. Zaloznik AJ, Oswald SG, Langin M. Intrapleural tetracycline in malignant pleural 
effusions. A randomized study. Cancer. 1983;51(4):752-5. 
169. Argento AC, Murphy TE, Pisani MA, Araujo KL, Puchalski J. Patient-Centered 
Outcomes Following Thoracentesis. Pleura (Thousand Oaks, Ventura County, Calif). 2015;2. 
170. Boshuizen RC, Vincent AD, van den Heuvel MM. Comparison of modified Borg scale 
and visual analog scale dyspnea scores in predicting re-intervention after drainage of 
malignant pleural effusion. Supportive care in cancer : official journal of the Multinational 
Association of Supportive Care in Cancer. 2013;21(11):3109-16. 
171. Karnofsky DA, Burchenal JH. In: Evaluation of chemotherapeutic agents. MacLeod 
CM, editor. New York: Columbia University Press; 1949. The clinical evaluation of 
chemotherapeutic agents in cancer; pp. 191–205. . 
172. Burrows CM, Mathews WC, Colt HG. Predicting survival in patients with recurrent 
symptomatic malignant pleural effusions: an assessment of the prognostic values of 
physiologic, morphologic, and quality of life measures of extent of disease. Chest. 
2000;117(1):73-8. 
173. Clive AO, Kahan BC, Hooper CE, Bhatnagar R, Morley AJ, Zahan-Evans N, et al. 
Predicting survival in malignant pleural effusion: development and validation of the LENT 
prognostic score. Thorax. 2014;69(12):1098-104. 
174. Bibby AC, Dorn P, Psallidas I, Porcel JM, Janssen J, Froudarakis M, et al. ERS/EACTS 
statement on the management of malignant pleural effusions. European Respiratory 
Journal. 2018;52(1):1800349. 
175. Psallidas I, Kanellakis NI, Gerry S, Thezenas ML, Charles PD, Samsonova A, et al. 
Development and validation of response markers to predict survival and pleurodesis 
success in patients with malignant pleural effusion (PROMISE): a multicohort analysis. The 
Lancet Oncology. 2018. 
176. Mishra EK, Rahman N. TIME3 - A randomised controlled trial to evaluate whether 
use of intrapleural urokinase aids the drainage of multi-septated pleural effusion compared 
to placebo 2016 [Available from: http://www.isrctn.com/ISRCTN12852177. 
177. Psallidas I, Rahman N. The efficacy of sonographic and biological pleurodesis 
indicators of malignant pleural effusion (SIMPLE) 2017 [Available from: 
https://www.isrctn.com/ISRCTN16441661?q=PSALLIDAS&filters=&sort=&offset=1&totalRe
sults=1&page=1&pageSize=10&searchType=basic-search. 
178. Brims FJ, Meniawy TM, Duffus I, de Fonseka D, Segal A, Creaney J, et al. A Novel 
Clinical Prediction Model for Prognosis in Malignant Pleural Mesothelioma Using Decision 

http://www.isrctn.com/ISRCTN12852177
https://www.isrctn.com/ISRCTN16441661?q=PSALLIDAS&filters=&sort=&offset=1&totalResults=1&page=1&pageSize=10&searchType=basic-search
https://www.isrctn.com/ISRCTN16441661?q=PSALLIDAS&filters=&sort=&offset=1&totalResults=1&page=1&pageSize=10&searchType=basic-search


209 
 

Tree Analysis. Journal of thoracic oncology : official publication of the International 
Association for the Study of Lung Cancer. 2016;11(4):573-82. 
179. Zhang B, Nilsson ME, Prigerson HG. Factors important to patients' quality of life at 
the end of life. Archives of internal medicine. 2012;172(15):1133-42. 
180. Livingston RB, McCracken JD, Trauth CJ, Chen T. Isolated pleural effusion in small 
cell lung carcinoma: favorable prognosis. A review of the Southwest Oncology Group 
experience. Chest. 1982;81(2):208-11. 
181. Cftci T, Aksoy S, Topel C, Akıncı D, Idilman I, Arslan UE, et al. Pleurodesis through 
Pleural Catheterization in Patients with Symptomatic Malignant Pleural Effusions: Which 
One is better? Talc, Bleomycin or Tetracycline? Journal of Palliative Care & Medicine. 
2018;08. 
182. Salamonsen MR, Lo AK, Ng AC, Bashirzadeh F, Wang WY, Fielding DI. Novel use of 
pleural ultrasound can identify malignant entrapped lung prior to effusion drainage. Chest. 
2014;146(5):1286-93. 
183. Psallidas I, Piotrowska HEG, Yousuf A, Kanellakis NI, Kagithala G, Mohammed S, et 
al. Efficacy of sonographic and biological pleurodesis indicators of malignant pleural 
effusion (SIMPLE): protocol of a randomised controlled trial. BMJ Open Respiratory 
Research. 2017;4(1):e000225. 
184. Martin GA, Tsim S, Kidd AC, Foster JE, McLoone P, Chalmers A, et al. Pre-EDIT: A 
Randomized Feasibility Trial of Elastance-Directed Intrapleural Catheter or Talc Pleurodesis 
in Malignant Pleural Effusion. Chest. 2019. 
185. Galal M, El Halafawy A, Assal HH, El-kabany Y. Pleural manometry in pleural 
effusion. Egyptian Journal of Chest Diseases and Tuberculosis. 2016;65(2):415-9. 
186. Adler RH, Sayek I. Treatment of malignant pleural effusion: a method using tube 
thoracostomy and talc. The Annals of thoracic surgery. 1976;22(1):8-15. 
187. Villanueva AG, Gray AW, Shahian DM, Williamson WA, Beamis JF. Efficacy of short 
term versus long term tube thoracostomy drainage before tetracycline pleurodesis in the 
treatment of malignant pleural effusions. Thorax. 1994;49(1):23. 
188. Kennedy L, Rusch VW, Strange C, Ginsberg RJ, Sahn SA. Pleurodesis using talc 
slurry. Chest. 1994;106(2):342-6. 
189. Robinson LA, Fleming WH, Galbraith TA. Intrapleural doxycycline control of 
malignant pleural effusions. The Annals of thoracic surgery. 1993;55(5):1115-21; discussion 
21-2. 
190. Qureshi RA, Collinson SL, Powell RJ, Froeschle PO, Berrisford RG. Management of 
malignant pleural effusion associated with trapped lung syndrome. Asian cardiovascular & 
thoracic annals. 2008;16(2):120-3. 
191. Pien GW, Gant MJ, Washam CL, Sterman DH. Use of an implantable pleural 
catheter for trapped lung syndrome in patients with malignant pleural effusion. Chest. 
2001;119(6):1641-6. 
192. Efthymiou CA, Masudi T, Thorpe JA, Papagiannopoulos K. Malignant pleural 
effusion in the presence of trapped lung. Five-year experience of PleurX tunnelled 
catheters. Interactive cardiovascular and thoracic surgery. 2009;9(6):961-4. 
193. Putnam JB, Jr., Walsh GL, Swisher SG, Roth JA, Suell DM, Vaporciyan AA, et al. 
Outpatient management of malignant pleural effusion by a chronic indwelling pleural 
catheter. The Annals of thoracic surgery. 2000;69(2):369-75. 
194. Warren WH, Kalimi R, Khodadadian LM, Kim AW. Management of malignant pleural 
effusions using the Pleur(x) catheter. The Annals of thoracic surgery. 2008;85(3):1049-55. 
195. Tremblay A, Michaud G. Single-center experience with 250 tunnelled pleural 
catheter insertions for malignant pleural effusion. Chest. 2006;129(2):362-8. 



210 
 

196. Fysh ET, Tremblay A, Feller-Kopman D, Mishra EK, Slade M, Garske L, et al. Clinical 
outcomes of indwelling pleural catheter-related pleural infections: an international 
multicenter study. Chest. 2013;144(5):1597-602. 
197. Thomas R, Fysh ET, Smith NA, Lee P, Kwan BC, Yap E, et al. Effect of an indwelling 
pleural catheter vs talc pleurodesis on hospitalization days in patients with malignant 
pleural effusion: The AMPLE randomized clinical trial. 2017;318(19):1903-12. 
198. Wahidi MM, Reddy C, Yarmus L, Feller-Kopman D, Musani A, Shepherd RW, et al. 
Randomized trial of pleural fluid drainage frequency in patients with malignant pleural 
effusions. The ASAP trial. American journal of respiratory and critical care medicine. 
2017;195(8):1050-7. 
199. Muruganandan S, Azzopardi M, Fitzgerald DB, Shrestha R, Kwan BC, Lam DC, et al. 
Aggressive versus symptom-guided drainage of malignant pleural effusion via indwelling 
pleural catheters (AMPLE-2): an open-label randomised trial. 2018;6(9):671-80. 
200. Ahmed L, Ip H, Rao D, Patel N, Noorzad F. Talc pleurodesis through indwelling 
pleural catheters for malignant pleural effusions: retrospective case series of a novel 
clinical pathway. Chest. 2014;146(6):e190-e4. 
201. Sivakumar P, Douiri A, West A, Rao D, Warwick G, Chen T, et al. OPTIMUM: a 
protocol for a multicentre randomised controlled trial comparing Out Patient Talc slurry via 
Indwelling pleural catheter for Malignant pleural effusion vs Usual inpatient Management. 
2016;6(10):e012795. 
202. Bhatnagar R, Zahan-Evans N, Kearney C, Edey AJ, Stadon LJ, Tremblay A, et al. A 
novel drug-eluting indwelling pleural catheter for the management of malignant effusions. 
2018;197(1):136-8. 
203. Putnam JB, Jr., Light RW, Rodriguez RM, Ponn R, Olak J, Pollak JS, et al. A 
randomized comparison of indwelling pleural catheter and doxycycline pleurodesis in the 
management of malignant pleural effusions. Cancer. 1999;86(10):1992-9. 
204. Wahidi MM, Reddy C, Yarmus L, Feller-Kopman D, Musani A, Shepherd RW, et al. 
Randomized Trial of Pleural Fluid Drainage Frequency in Patients with Malignant Pleural 
Effusions. The ASAP Trial. American journal of respiratory and critical care medicine. 
2017;195(8):1050-7. 
205. Corcoran JP, Wrightson JM, Belcher E, DeCamp MM, Feller-Kopman D, Rahman 
NM. Pleural infection: past, present, and future directions. The Lancet Respiratory 
medicine. 2015;3(7):563-77. 
206. Antony VB, Nasreen N, Mohammed KA, Sriram PS, Frank W, Schoenfeld N, et al. 
Talc pleurodesis: basic fibroblast growth factor mediates pleural fibrosis. Chest. 
2004;126(5):1522-8. 
207. Haddad FJ, Younes RN, Gross JL, Deheinzelin D. Pleurodesis in patients with 
malignant pleural effusions: talc slurry or bleomycin? Results of a prospective randomized 
trial. World journal of surgery. 2004;28(8):749-53; discussion 53-4. 
208. Psathakis K, Calderón-Osuna E, Romero-Romero B, Martin-Juan J, Romero-Falcón 
A, Rodriguez-Panadero F. The neutrophilic and fibrinolytic response to talc can predict the 
outcome of pleurodesis. European Respiratory Journal. 2006;27(4):817. 
209. Montes-Worboys A, Rodriguez-Portal JA, Arellano-Orden E, Digón-Pereiras J, 
Rodriguez-Panadero F. Interleukin-8 activates coagulation and correlates with survival after 
talc pleurodesis. European Respiratory Journal. 2010;35(1):160. 
210. Habal P, Omran N, Jankovicova K, Krejsek J, Mandak J. Predictive value of systemic 
and local inflammation parameters in talc pleurodesis assessment. Biomedical papers of 
the Medical Faculty of the University Palacky, Olomouc, Czechoslovakia. 2015;159(2):234-
41. 
211. Habal P, Omran N, Chek J, Krejsek J, Mandak J. New biomarkers in the selection of 
patients for talcage of pleural cavity in the palliative therapy of malign pleural exudate. 



211 
 

Biomedical papers of the Medical Faculty of the University Palacky, Olomouc, 
Czechoslovakia. 2015;159(4):576-81. 
212. Habal P, Jankovicova K, Omran N, Kondelkova K, Krejsek J, Mandak J. The dynamics 
of selected local inflammatory markers to talc in the treatment of malignant pleural 
effusions. Biomedical papers of the Medical Faculty of the University Palacky, Olomouc, 
Czechoslovakia. 2013;157(4):311-5. 
213. Ukale V, Agrenius V, Widstrom O, Hassan A, Hillerdal G. Inflammatory parameters 
after pleurodesis in recurrent malignant pleural effusions and their predictive value. 
Respiratory medicine. 2004;98(12):1166-72. 
214. Bilgin M, Hasdiraz L, Ozkaya M, Oguzkaya F. Can serum inflammatory parameters 
estimate outcome of pleurodesis in mesothelioma? ANZ journal of surgery. 2007;77(4):253-
5. 
215. Aydogmus U, Ozdemir S, Cansever L, Sonmezoglu Y, Kocaturk CI, Bedirhan MA. 
Bedside talc pleurodesis for malignant pleural effusion: factors affecting success. Annals of 
surgical oncology. 2009;16(3):745-50. 
216. Steger V, Mika U, Toomes H, Walker T, Engel C, Kyriss T, et al. Who gains most? A 
10-year experience with 611 thoracoscopic talc pleurodeses. The Annals of thoracic 
surgery. 2007;83(6):1940-5. 
217. Chen J, Li Z, Xu N, Zhang X, Wang Y, Lin D. Efficacy of medical thoracoscopic talc 
pleurodesis in malignant pleural effusion caused by different types of tumors and different 
pathological classifications of lung cancer. International journal of clinical and experimental 
medicine. 2015;8(10):18945-53. 
218. Fysh ET, Tan SK, Read CA, Lee F, McKenzie K, Olsen N, et al. Pleurodesis outcome in 
malignant pleural mesothelioma. Thorax. 2013;68(6):594-6. 
219. Bielsa S, Hernández P, Rodriguez-Panadero F, Taberner T, Salud A, Porcel JM. 
Tumor Type Influences the Effectiveness of Pleurodesis in Malignant Effusions. Lung. 
2011;189(2):151-5. 
220. Ak G, Metintas M, Yildirim H, Metintas S, Dundar E, Erginel S, et al. Pleurodesis in 
follow-up and treatment of malignant pleural mesothelioma patients. Tuberkuloz ve toraks. 
2009;57(1):22-31. 
221. Xie C, Teixeira LR, McGovern JP, Light RW. Systemic corticosteroids decrease the 
effectiveness of talc pleurodesis. American journal of respiratory and critical care medicine. 
1998;157(5 Pt 1):1441-4. 
222. Kennedy L, Harley RA, Sahn SA, Strange C. Talc slurry pleurodesis. Pleural fluid and 
histologic analysis. Chest. 1995;107(6):1707-12. 
223. Yildirim H, Metintas M, Ak G, Metintas S, Erginel S. Predictors of talc pleurodesis 
outcome in patients with malignant pleural effusions. Lung Cancer. 2008;62(1):139-44. 
224. Heffner JE, Nietert PJ, Barbieri C. Pleural fluid pH as a predictor of pleurodesis 
failure: analysis of primary data. Chest. 2000;117(1):87-95. 
225. Aelony Y, King RR, Boutin C. Thoracoscopic talc poudrage in malignant pleural 
effusions: effective pleurodesis despite low pleural pH. Chest. 1998;113(4):1007-12. 
226. Yildirim H, Metintas M, Ak G, Erginel S, Alatas F, Kurt E, et al. Increased pleural fluid 
adenosine deaminase levels in patients with malignant pleural effusions: a potential 
predictor of talc pleurodesis outcome. Lung. 2007;185(6):349-54. 
227. Stefani A, Natali P, Casali C, Morandi U. Talc poudrage versus talc slurry in the 
treatment of malignant pleural effusion. A prospective comparative study. European 
journal of cardio-thoracic surgery : official journal of the European Association for Cardio-
thoracic Surgery. 2006;30(6):827-32. 
228. Clive AO, Jones HE, Bhatnagar R, Preston NJ, Maskell N. Interventions for the 
management of malignant pleural effusions: a network meta-analysis. The Cochrane 
database of systematic reviews. 2016(5):Cd010529. 



212 
 

229. Paschoalini Mda S, Vargas FS, Marchi E, Pereira JR, Jatene FB, Antonangelo L, et al. 
Prospective randomized trial of silver nitrate vs talc slurry in pleurodesis for symptomatic 
malignant pleural effusions. Chest. 2005;128(2):684-9. 
230. Mercer RM, Hassan M, Rahman NM. The role of pleurodesis in respiratory diseases. 
Expert review of respiratory medicine. 2018;12(4):323-34. 
231. Agarwal R, Aggarwal AN, Gupta D, Jindal SK. Efficacy and safety of iodopovidone in 
chemical pleurodesis: a meta-analysis of observational studies. Respiratory medicine. 
2006;100(11):2043-7. 
232. Chen JS, Chan WK, Tsai KT, Hsu HH, Lin CY, Yuan A, et al. Simple aspiration and 
drainage and intrapleural minocycline pleurodesis versus simple aspiration and drainage for 
the initial treatment of primary spontaneous pneumothorax: an open-label, parallel-group, 
prospective, randomised, controlled trial. Lancet (London, England). 2013;381(9874):1277-
82. 
233. Pulsiripunya C, Youngchaiyud P, Pushpakom R, Maranetra N, Nana A, 
Charoenratanakul S. The efficacy of doxycycline as a pleural sclerosing agent in malignant 
pleural effusion: a prospective study. Respirology (Carlton, Vic). 1996;1(1):69-72. 
234. Yilmaz N, Zeybek A, Tharian B, Yilmaz UE. Efficacy of nonsurgical tigecycline 
pleurodesis for the management of hepatic hydrothorax in patients with liver cirrhosis. 
Surgical case reports. 2015;1(1):62. 
235. Ukale V, Agrenius V, Hillerdal G, Mohlkert D, Widstrom O. Pleurodesis in recurrent 
pleural effusions: a randomized comparison of a classical and a currently popular drug. 
Lung Cancer. 2004;43(3):323-8. 
236. Barbetakis N, Vassiliadis M, Kaplanis K, Valeri R, Tsilikas C. Mitoxantrone 
pleurodesis to palliate malignant pleural effusion secondary to ovarian cancer. BMC 
palliative care. 2004;3(1):4. 
237. Luh KT, Yang PC, Kuo SH, Chang DB, Yu CJ, Lee LN. Comparison of OK-432 and 
mitomycin C pleurodesis for malignant pleural effusion caused by lung cancer. A 
randomized trial. Cancer. 1992;69(3):674-9. 
238. Sasaki T, Yasuda H, Nakayama K, Asada M, Okinaga S, Suzuki T, et al. Pleurodesis 
with carboplatin in elderly patients with malignant pleural effusion and lung 
adenocarcinoma. Journal of the American Geriatrics Society. 2006;54(4):722-3. 
239. Vargas FS, Carmo AO, Teixeira LR. A new look at old agents for pleurodesis: 
nitrogen mustard, sodium hydroxide, and silver nitrate. Current opinion in pulmonary 
medicine. 2000;6(4):281-6. 
240. Bilaceroglu S, Cagirici U, Perim K, Ozacar R. Corynebacterium parvum pleurodesis 
and survival is not significantly influenced by pleural pH and glucose level. Monaldi archives 
for chest disease = Archivio Monaldi per le malattie del torace. 1998;53(1):14-22. 
241. Ren S, Terman DS, Bohach G, Silvers A, Hansen C, Colt H, et al. Intrapleural 
staphylococcal superantigen induces resolution of malignant pleural effusions and a 
survival benefit in non-small cell lung cancer. Chest. 2004;126(5):1529-39. 
242. Stumpf C, Bussing A. Stimulation of antitumour immunity by intrapleural instillation 
of a Viscum album L. extract. Anti-cancer drugs. 1997;8 Suppl 1:S23-6. 
243. Rauthe G, Sistermanns J. Pleurodesis with recombinant tumour necrosis factor in 
gynaecological neoplasms. European journal of gynaecological oncology. 1998;19(2):108-
12. 
244. Alamdari DH, Asadi M, Rahim AN, Maddah G, Azizi S, Shahidsales S, et al. Efficacy 
and Safety of Pleurodesis Using Platelet-Rich Plasma and Fibrin Glue in Management of 
Postoperative Chylothorax After Esophagectomy. World journal of surgery. 2017. 
245. Cagirici U, Sahin B, Cakan A, Kayabas H, Buduneli T. Autologous blood patch 
pleurodesis in spontaneous pneumothorax with persistent air leak. Scandinavian 
cardiovascular journal : SCJ. 1998;32(2):75-8. 



213 
 

246. Sudduth CL, Shinnick JK, Geng Z, McCracken CE, Clifton MS, Raval MV. Optimal 
surgical technique in spontaneous pneumothorax: a systematic review and meta-analysis. 
The Journal of surgical research. 2017;210:32-46. 
247. Rintoul RC, Ritchie AJ, Edwards JG, Waller DA, Coonar AS, Bennett M, et al. Efficacy 
and cost of video-assisted thoracoscopic partial pleurectomy versus talc pleurodesis in 
patients with malignant pleural mesothelioma (MesoVATS): an open-label, randomised, 
controlled trial. Lancet (London, England). 2014;384(9948):1118-27. 
248. Torre M, Grassi M, Nerli FP, Maioli M, Belloni PA. Nd-YAG laser pleurodesis via 
thoracoscopy. Endoscopic therapy in spontaneous pneumothorax Nd-YAG laser 
pleurodesis. Chest. 1994;106(2):338-41. 
249. Lee YC, Baumann MH, Maskell NA, Waterer GW, Eaton TE, Davies RJ, et al. 
Pleurodesis practice for malignant pleural effusions in five English-speaking countries: 
survey of pulmonologists. Chest. 2003;124(6):2229-38. 
250. Gingell JC. TREATMENT OF CHYLOTHORAX BY PRODUCING PLEURODESIS USING 
IODIZED TALC. Thorax. 1965;20:261-9. 
251. Gonzalez AV, Bezwada V, Beamis JF, Jr., Villanueva AG. Lung injury following 
thoracoscopic talc insufflation: experience of a single North American center. Chest. 
2010;137(6):1375-81. 
252. Hatata EA DR, El Sabaa BM, et al. Doxycycline poudrage: An old agent for a new 
technique. Egypt J Chest Dis Tuberc. 2017:66:331–8. 
253. Tremblay A, Dumitriu S, Stather DR, Maceachern P, Illanes O, Kelly MM. Use of a 
drug eluting pleural catheter for pleurodesis. Exp Lung Res. 2012;38(9-10):475-82. 
254. Bhatnagar R, Zahan-Evans N, Kearney C, Edey AJ, Stadon LJ, Tremblay A, et al. A 
Novel Drug-Eluting Indwelling Pleural Catheter for the Management of Malignant Effusions. 
American journal of respiratory and critical care medicine. 2018;197(1):136-8. 
255. Rahman NM, Davies HE, Salzberg M, Truog P, Midgely R, Kerr D, et al. Use of 
lipoteichoic acid-T for pleurodesis in malignant pleural effusion: a phase I toxicity and dose-
escalation study. The Lancet Oncology. 2008;9(10):946-52. 
256. Parulekar W, Di Primio G, Matzinger F, Dennie C, Bociek G. Use of small-bore vs 
large-bore chest tubes for treatment of malignant pleural effusions. Chest. 2001;120(1):19-
25. 
257. Clementsen P, Evald T, Grode G, Hansen M, Krag Jacobsen G, Faurschou P. 
Treatment of malignant pleural effusion: pleurodesis using a small percutaneous catheter. 
A prospective randomized study. Respiratory medicine. 1998;92(3):593-6. 
258. Caglayan B, Torun E, Turan D, Fidan A, Gemici C, Sarac G, et al. Efficacy of 
iodopovidone pleurodesis and comparison of small-bore catheter versus large-bore chest 
tube. Annals of surgical oncology. 2008;15(9):2594-9. 
259. Antony VB, Loddenkemper R, Astoul P, Boutin C, Goldstraw P, Hott J, et al. 
Management of malignant pleural effusions. European Respiratory Journal. 2001;18(2):402. 
260. Goodman A, Davies CW. Efficacy of short-term versus long-term chest tube 
drainage following talc slurry pleurodesis in patients with malignant pleural effusions: a 
randomised trial. Lung Cancer. 2006;54(1):51-5. 
261. Leo F, Dellamonica J, Venissac N, Pop D, Mouroux J. Can chest ultrasonography 
assess pleurodesis after VATS for spontaneous pneumothorax? European journal of cardio-
thoracic surgery : official journal of the European Association for Cardio-thoracic Surgery. 
2005;28(1):47-9. 
262. Huggins JT, Doelken P, Sahn SA. Intrapleural therapy. Respirology (Carlton, Vic). 
2011;16(6):891-9. 
263. Corcoran JP, Hallifax RJ, Mercer RM, Yousuf A, Asciak R, Hassan M, et al. Thoracic 
Ultrasound as an Early Predictor of Pleurodesis Success in Malignant Pleural Effusion. 
Chest. 2018;154(5):1115-20. 



214 
 

264. Brims FJH, Lansley SM, Waterer GW, Lee YCG. Empyema thoracis: new insights into 
an old disease. European Respiratory Review. 2010;19(117):220. 
265. Kim H, Cho Y, Suh GY, Yang J, Jeon K. Subclavian Artery Laceration Caused by Pigtail 
Catheter Removal in a Patient with Pneumothorax. Korean Journal of Critical Care 
Medicine. 2015;30:119. 
266. Al-Ameri A, Hicken L, Thomas S. Chest drain fixation: How can we prevent drains 
from falling out? Lessons from an audit. European Respiratory Journal. 2012;40(Suppl 
56):P3483. 
267. Inzirillo F, Giorgetta C, Ravalli E, Della Pona C. "Roman Sandal" modified method for 
securing the chest drain to the skin. General thoracic and cardiovascular surgery. 
2013;61(3):171-3. 
268. Rashid MA, Wikstrom T, Ortenwall P. A simple technique for anchoring chest tubes. 
European Respiratory Journal. 1998;12(4):958. 
269. Maritz D, McLauchlan C. A novel way to secure a chest drain. Annals of the Royal 
College of Surgeons of England. 2014;96(1):82-. 
270. Yang MX, Ault MJ. A Punctureless and Secure Method of Chest Tube Fixation. 
Annals of emergency medicine. 2018;72(1):106-7. 
271. Ben-Nun A, Best LA. A simple method of using a Foley catheter to drain pleural 
effusion. Surgery today. 2008;38(8):769-70. 
272. Ross S, Ali H, Allsop L, Ali N, Kemp S. P15 A pilot study of a dedicated ballooned 
intercostal drain. Thorax. 2016;71(Suppl 3):A91-A2. 
273. Dixon G, de Fonseka D, Maskell N. Pleural controversies: image guided biopsy vs. 
thoracoscopy for undiagnosed pleural effusions? Journal of thoracic disease. 
2015;7(6):1041-51. 
274. Hallifax RJ, Corcoran JP, Psallidas I, Rahman NM. Medical thoracoscopy: Survey of 
current practice-How successful are medical thoracoscopists at predicting malignancy? 
Respirology (Carlton, Vic). 2016;21(5):958-60. 
275. Kyskan R, Li P, Mulpuru S, Souza C, Amjadi K. Safety and Performance 
Characteristics of Outpatient Medical Thoracoscopy and Indwelling Pleural Catheter 
Insertion for Evaluation and Diagnosis of Pleural Disease at a Tertiary Center in Canada. 
Canadian respiratory journal. 2017;2017:9345324-. 
276. Walker S, Zubrinic M, Massey C, Shargall Y, Bedard E, Darling G. A prospective study 
of patient-centred outcomes in the management of malignant pleural effusions. 
International journal of palliative nursing. 2016;22(7):351-8. 
277. Mishra EKBBMMD, Clive AO, Wills GH, Davies HEMM, Stanton AE, Al-Aloul M, et al. 
Randomised Controlled Trial of Urokinase versus Placebo for Non-draining Malignant 
Pleural Effusion. American journal of respiratory and critical care medicine. 2017. 
278. Porcel JM, Esquerda A, Vives M, Bielsa S. Etiology of pleural effusions: analysis of 
more than 3,000 consecutive thoracenteses. Archivos de bronconeumologia. 
2014;50(5):161-5. 
279. Burnazović-Ristić L, Prnjavorac B, Bego T, Rakanović-Todić M, Prnjavorac L. Use of 
chest CT scan scoring system for diagnostic and therapeutic decision making in pleural 
effusion. Medicinski glasnik : official publication of the Medical Association of Zenica-Doboj 
Canton, Bosnia and Herzegovina. 2020;17(1):59-65. 
280. Klimek M. Pulmonary lymphangitis carcinomatosis: systematic review and meta-
analysis of case reports, 1970-2018. Postgraduate medicine. 2019;131(5):309-18. 
281. The NHS Cancer Plan: A Plan for Investment, A Plan for Reform. London: 
Department of Health, 2000. 
282. Moon YW, Choi ST, Cho BC, Choi HJ, Kim YT. A case of successful intrapleural 
chemotherapy with Cisplatin plus cytarabine for intractable malignant pleural effusion. 
Yonsei medical journal. 2007;48(6):1035-8. 



215 
 

283. Doelken P, Sahn SA. Trapped lung. Seminars in respiratory and critical care 
medicine. 2001;22(6):631-6. 
284. Bibby AC, Halford P, De Fonseka D, Morley AJ, Smith S, Maskell NA. The Prevalence 
and Clinical Relevance of Nonexpandable Lung in Malignant Pleural Mesothelioma. A 
Prospective, Single-Center Cohort Study of 229 Patients. Annals of the American Thoracic 
Society. 2019;16(10):1273-9. 
285. Ferreiro L, Porcel JM, Valdes L. Diagnosis and Management of Pleural Transudates. 
Archivos de bronconeumologia. 2017;53(11):629-36. 
286. Miles A. The Psychological Implications of Diagnostic Delay in Colorectal Cancer 
Patients. 2018. p. 103-19. 
287. Kirk D, Kabdebo I, Whitehead L. Prevalence of distress, its associated factors and 
referral to support services in people with cancer. Journal of clinical nursing. 2021. 
288. Bintcliffe OJ, Lee GYC, Rahman NM, Maskell NA. The management of benign non-
infective pleural effusions. European Respiratory Review. 2016;25(141):303. 
289. Barbone F, Bovenzi M, Cavallieri F, Stanta G. Cigarette smoking and histologic type 
of lung cancer in men. Chest. 1997;112(6):1474-9. 
290. Aydin Y, Turkyilmaz A, Intepe YS, Eroglu A. Malignant pleural effusions: appropriate 
treatment approaches. Eurasian J Med. 2009;41(3):186-93. 
291. Porcel JM. Pleural fluid tests to identify complicated parapneumonic effusions. 
Current opinion in pulmonary medicine. 2010;16(4):357-61. 
292. Kumar P, Chawla K, Khosla P, Jain S. Co-existing tuberculosis and malignant 
mesothelioma with multiple sites venous thrombosis: a case report. BMC research notes. 
2016;9(1):409. 
293. Oellerich M, Christenson RH, Beck J, Walson PD. Plasma EGFR mutation testing in 
non-small cell lung cancer: A value proposition. Clinica Chimica Acta. 2019;495:481-6. 
294. Chen M, Zhao H. Next-generation sequencing in liquid biopsy: cancer screening and 
early detection. Hum Genomics. 2019;13(1):34-. 
295. Ignatiadis M, Sledge GW, Jeffrey SS. Liquid biopsy enters the clinic - 
implementation issues and future challenges. Nature reviews Clinical oncology. 2021. 
296. Chen R-L, Zhang Y-Q, Wang J, Wu H, Yang S-M. Diagnostic value of medical 
thoracoscopy for undiagnosed pleural effusions. Experimental and therapeutic medicine. 
2018;16(6):4590-4. 
297. https://www.england.nhs.uk/statistics/wp-
content/uploads/sites/2/2018/11/Cancer-Waiting-Times-Quarterly-Commentary-
Commissioner-based-Provisional-1.pdf.  [ 
298. Hooper C, Maskell N. British Thoracic Society national pleural procedures audit 
2010. Thorax. 2011;66(7):636. 
299. Ruckdeschel JC, Codish SD, Stranahan A, McKneally MF. Postoperative empyema 
improves survival in lung cancer. Documentation and analysis of a natural experiment. The 
New England journal of medicine. 1972;287(20):1013-7. 
300. Bibby AC, Clive AO, Slade GC, Morley AJ, Fallon J, Psallidas I, et al. Survival in 
Patients With Malignant Pleural Effusions Who Developed Pleural Infection. Chest. 
2015;148(1):235-41. 
301. Bibby AC, de Fonseka D, Carslake DJ, Maskell NA. Is pleural infection associated 
with longer survival in mesothelioma? A population-based cohort study using data from 
Hospital Episode Statistics. Cancer Epidemiology. 2019;59:75-82. 
302. Edwards JG, Faux SP, Plummer SM, Abrams KR, Walker RA, Waller DA, et al. 
Cyclooxygenase-2 Expression Is a Novel Prognostic Factor in Malignant Mesothelioma. 
Clinical Cancer Research. 2002;8(6):1857. 
303. Cantini L, Hassan R, Sterman DH, Aerts JGJV. Emerging Treatments for Malignant 
Pleural Mesothelioma: Where Are We Heading? Front Oncol. 2020;10:343-. 

https://www.england.nhs.uk/statistics/wp-content/uploads/sites/2/2018/11/Cancer-Waiting-Times-Quarterly-Commentary-Commissioner-based-Provisional-1.pdf
https://www.england.nhs.uk/statistics/wp-content/uploads/sites/2/2018/11/Cancer-Waiting-Times-Quarterly-Commentary-Commissioner-based-Provisional-1.pdf
https://www.england.nhs.uk/statistics/wp-content/uploads/sites/2/2018/11/Cancer-Waiting-Times-Quarterly-Commentary-Commissioner-based-Provisional-1.pdf


216 
 

304. Gounant V, Duruisseaux M, Soussi G, Van Hulst S, Bylicki O, Cadranel J, et al. Does 
Very Poor Performance Status Systematically Preclude Single Agent Anti-PD-1 
Immunotherapy? A Multicenter Study of 35 Consecutive Patients. Cancers. 2021;13(5). 
305. Piacibello E, Cardinale L, Righi L, Sverzellati N, Ardissone F, Veltri A. Correlation 
between CT findings and thoracoscopic diagnosis in diffuse pleural disease. Acta Biomed. 
2020;91(3):e2020058-e. 

 

  



217 
 

7 APPENDIX 
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