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Abstract
In this review, we report on the use of indwelling pleural catheters in the treatment of malignant pleural effusions. We describe the most commonly used catheter. Also, treatment with indwelling pleural catheters as compared to talc pleurodesis is reviewed. A comparison of efficacy, costs, effects on quality of life, and complications is made. Only one randomized controlled trial comparing the two is available up to date, but several are underway. We conclude that treatment for malignant pleural effusions with indwelling pleural catheters is a save, cost-effective, and patient-friendly method, with low complication rates.
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Core tip: Indwelling pleural catheters appear to be as efficient and cost-effective as talc pleurodesis in the treatment of malignant pleural effusions with a low complications rate. A great advantage is that terminally ill patients can be treated at home in the last stage of their lives.
De Heer M, Cornelissen R, Hoogsteden HC, van den Toorn LM. Management of recurrent malignant pleural effusions with a tunneled indwelling pleural catheter. World J Respirol 2015; In press
INTRODUCTION
Indwelling pleural catheters (IPCs) are used worldwide, mostly in oncology centers, for the management of recurrent malignant and also non-malignant pleural effusions (MPE). Since their development approximately 15 years ago, increasing knowledge and expertise has developed. They offer the potential of increasing quality of life in terminally ill patients, and reducing length and number of hospital stays. A great advantage is that patients, who are terminally ill, can remain at home and be treated there in the last phase of their lives. This review aims to give an overview of the indications, complications and costs of indwelling pleural catheters. The alternative, i.e., chest tube drainage with pleurodesis, will also be discussed.
BACKGROUND
The most commonly used catheter for permanent drainage of pleural effusions is a flexible fenestrated silicone catheter with a cuff and a valve (Figure 1). The fenestrated portion of the catheter is inserted into the pleural space utilizing a peel away introducer (Seldinger technique). The portion of the catheter containing the cuff is tunneled subcutaneously, where it becomes fixed, thereby reducing the risk of dislocation. Also, because the catheter is tunneled, risk of infection is low. The remaining portion is left external to the body (Figure 2). Drainage occurs by connecting disposable vacuum bottles to the catheter. At the end is a one-way valve that can be attached to the vacuum drainage bottles. The most commonly used catheter is the 15.5 Fr PleurX catheter. The Food and Drug Administration (FDA) approved it for the use in malignant pleural effusions[1] and 4 years later the license was extended to include all recurrent pleural effusions[2].
Before the availability of indwelling pleural catheters, symptom relieve was mostly achieved through repetitive drainage of pleural fluid, which resulted in frequent hospital visits. In some cases, partial pleurectomy was performed. However, only a small number of selected patients is eligible for such an invasive procedure, and it can be complicated by significant morbidity, especially before the era of video-assisted thoracoscopy (VATS)[3,4]. In a randomized controlled trial, Rintoul et al[5] recently compared video-assisted thoracoscopic partial pleurectomy to talc pleurodesis in patients with malignant mesothelioma. They showed that partial pleurectomy did not improve overall survival, and was associated with significantly more complications, longer hospital stay and more costs compared to talc pleurodesis in these patients. It is therefore not recommended as a standard alternative for pleurodesis or IPC[5,6]. 
INDWELLING PLEURAL CATHETERS VS TALC PLEURODESIS
The guideline of the British Thoracic Society states that in patients with malignant pleural effusions with a life expectancy of > 1 mo, drainage should be performed with subsequent pleurodesis, whereby talc is the most effective sclerosant[6]. It also states that the use of IPCs is an effective alternative method in selected cases. Although talc pleurodesis can have relevant success rates, it is not without complications and is not an option for patients with a trapped lung, which is often the case in malignant pleural effusion[7]. Complications include tachycardia, dyspnea, fever, pain and in rare instance ARDS[8]. Also for patients with malignant pleural effusions, who generally have a short life expectancy and mostly are in poor condition, it is highly favorable to reduce the emotional and physical burden of repetitive hospital visits or the length of hospital stay. In a retrospective study, Putnam et al. demonstrated that patients treated with IPC had shorter hospital stay, and lower early mean charges as compared to those with chest tube drainage followed by pleurodesis[9]. In another retrospective study of a large number of patients, who all underwent IPC insertion, it was shown that IPC resulted in good symptom control and shorter hospital stay. Also, a low complication rate was noted, the most severe being empyema in 3.2% of cases[10]. Moreover, the literature shows that spontaneous pleurodesis occurs in up to 51% of IPC cases, allowing removal of the catheter[10,11]. 
In the only randomized controlled trial comparing IPC to chest tube and talc pleurodesis, the TIME2 trial, no significant difference in dyspnea was noted in the first 42 d after insertion between the two groups (primary endpoint)[11]. Only after the 6 mo-point a clinically and statistically significant decrease in dyspnea in favor of the IPC group was seen. A decrease in chest pain was observed in both groups, but no significant difference was noted. There was a statistically significant difference in days in hospital for drainage or drainage-related complications over 12 mo in favor of the IPC group[11]. Significantly more adverse events, albeit non-serious, were noted in the IPC group; most of these were cellulitis around the site of insertion and catheter blockage. 
A Dutch multicenter randomized controlled trial was designed comparing indwelling pleural catheters to talc pleurodesis in 120 patients with malignant pleural effusions (NVALT 14). The primary objective of the study is to compare the patient reported outcome of talc pleurodesis and indwelling pleural catheter, assessed by the Modified Borg dyspnea Score. Secondary objectives include the number of interventions and visits for MPE, adverse events, costs, overall survival, quality of life, and treatment outcome at 1, 3 and 6 mo. The inclusion phase has now successfully been concluded[11]. Other studies investigating indwelling pleural catheters are also ongoing at the moment[12,13].
COMPLICATIONS
In a study published almost 10 years ago, describing our own experience with IPC, we showed that In 70%–80% of patients, catheter use was uncomplicated and provided significant symptom relief. Infection was only seen in two (12%) patients, dislocation of the catheter in three (18%). In the final analysis, catheter use was unsatisfactory in two patients (12%)[15]. More recent experience with indwelling pleural catheters in our Lung Oncology Center is still very positive, as even more expertise has been acquired over the years.
Early complications directly associated with IPC insertion are rare. Some degree of pain in the first days following insertion is normal and can be treated by oral analgesics. Also, bruising in the subcutaneous catheter tract almost always occurs; potentially life-threatening bleeding is very rare. Oral anticoagulants can be restarted immediately after insertion[16].
Several studies have focused on the long-term complications of IPC. Thomas et al[17] retrospectively studied the incidence of catheter tract metastasis associated with IPC. In 10% of patients, catheter tract metastasis developed. Eighty-two percent of these patients had mesothelioma and all had prior pleural interventions before IPC insertion. The only significant variable associated with higher risk for catheter tract metastasis was a longer interval post-IPC insertion[17]. 
Another potential complication is pleural infection. In a multicenter retrospective study of 1021 patients, Fysh et al[18] reported an incidence of pleural infection of only 4.9%. The majority (94%) was successfully treated with antibiotics and in 54% of patients the IPC did not have to be removed. The most frequent causative agent of the infections was Staphylococcus aureus[18]. Other studies have shown similar results[19]. Patients undergoing chemotherapy with an IPC in place do not develop more infections than those with IPC not receiving chemotherapy[20]. Therefore chemotherapy does not have to be a contraindication for IPC placement. 

QUALITY OF LIFE
A major question of course is whether IPC insertion improves quality of life. In a multicenter observational study of 51 patients, quality of life was assessed using the EORTC QLQ-C30 en EORTC QLQ-LC13. A significant improvement of symptoms scale was seen[21]. Changes in the mean scores between baseline and 30 d, as assessed with the EORTC QLQ-C30, for global, functional, and symptoms scales were: + 9.21, + 6.93, and -9.59, respectively. 
In the TIME2 trial, global quality of life as measured by the QLQ-30 was measured[11]. Quality of life was improved in both the IPC and the chest tube drainage with talc pleurodesis group. 
COSTS
IPC insertion usually can be done as an outpatient procedure. Therefore, little or no costs are made for hospital stay. However, IPCs cost about 700 Euros compared to 30 Euros for a simple Pleura Cath. Also, IPC treatment is associated with the use of many disposables, especially relatively expensive vacuum bottles. Also, in some cases home care is needed to help the patient with drainage. These factors push the total cost of IPC treatment. Several studies have investigated the cost of IPC treatment, often compared to test tube drainage and pleurodesis. Universal comparison remains a difficult task, because of different insurance systems and hospital management in different countries. 
Boshuizen et al[22] looked at the direct costs of IPC treatment in one Dutch hospital; they concluded that the costs of IPC treatment are reasonable as compared to direct costs of hospitalization for pleurodesis. In a randomized controlled trial comparing IPC to talc pleurodesis, no difference in overall comparative costs was noted. Higher initial hospital bed costs were seen in the talc pleurodesis group, whereas in the IPC group most of the costs were made for ongoing drainage[23]. In patients with limited survival (< 14 wk), IPC was less costly with mean cost difference of -1719 US Dollars. In another study, this effect was seen in patients surviving less than 6 wk[24]. However, this financial benefit disappeared when substantial home care was needed for IPC treatment[23]. Taking these results together with the results of the earlier referred to TIME2 trial[11], the authors conclude that the use of either IPC or talc pleurodesis should be based on patients’ preferences after discussion of risks and benefits of each therapy[23]. 
CONCLUSION
Nowadays, IPC are used more frequently in the management of recurrent malignant pleural effusions and increasing expertise has been developed. Many studies show that IPC treatment has similar positive effects on dyspnea and quality of life as (repeated) chest tube drainage with talc pleurodesis. Effects on quality of life of a single intervention in this group of terminally ill patients with poor performance score have shown to be limited because of the many factors that influence these patients’ well being in the last stage of their life. 
IPC treatment is generally well tolerated with hardly any serious complications reported. Also, the costs of IPC treatment are comparable to those of chest tube drainage with talc pleurodesis. In patients with limited survival, IPC treatment even appears less costly. However, as far as we know, only one randomized controlled trial investigating the difference between IPC treatment and talc pleurodesis is available up to date, but several are underway. More research should be performed to investigate which groups of patients will benefit most from IPC treatment. However, we can conclude that the use of IPC is a safe, cost-effective and equally effective intervention to treat recurrent malignant pleural effusion as compared with pleural drainage followed by talc pleurodesis. 
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Figure 1 The Denver PleurX pleural catheter.
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Figure 2 A patient with the catheter showing the removal of fluid. Printed with permission.
