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ABSTRACT 

Background 

Chest drain displacement is a common clinical problem, occurring in 9-42% of cases and results in 

treatment failure or additional pleural procedures conferring unnecessary risk. A novel chest drain 

with an integrated intrapleural balloon may reduce the risk of displacement. 

Methods  

Prospective randomised controlled trial comparing the balloon drain to standard care (12F chest 

drain with no balloon) with the primary outcome of objectively-defined unintentional or accidental 

chest drain displacement. 

Results 

267 patients were randomised (primary outcome data available in 257, 96.2%). Displacement 

occurred less frequently using the balloon drain (displacement 5/128, 3.9%; standard care 

displacement 13/129, 10.1%) but this was not statistically significant (Odds Ratio (OR) for drain 

displacement 0.36, 95% CI 0.13 to 1.0,  1df=2.87, p=0.09). Adjusted analysis to account for 

minimisation factors and use of drain sutures demonstrated balloon drains were independently 

associated with reduced drain fall out rate (adjusted OR 0.27, 95% CI 0.08 to 0.87, p=0.028). Adverse 

events were 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). 

Conclusion 

Balloon drains reduce displacement compared with standard drains independent of the use of 

sutures but are associated with increased adverse events specifically during drain removal. The 

potential benefits of the novel drain should be weighed against the risks, but may be considered in 

practices where sutures are not routinely used.  

 

  



INTRODUCTION 

Chest drain insertion is one of the most commonly performed medical procedures, with an estimated 

15,000 per year conducted in the UK (1). Chest drain displacement remains a major issue, and can 

result in treatment failure (2) or the need for replacement (3). The frequency of chest drain 

displacement is between 9 and 42% (2, 4) but these figures do not always account for drains that 

displace to the extent that they are unusable, but remain within the chest cavity. The TIME1 trial (2),  

assessing pleurodesis in malignant pleural effusion, demonstrated 8% of patients did not receive talc 

due to drain displacement, which resulted in unnecessary hospital admissions and invasive procedures 

(5). In pneumothorax treatment, displacement of drains may result in subcutaneous emphysema, 

tension pneumothorax and treatment failure (6).  

External measures, such as suturing and bespoke dressings, have been used but do not completely 

prevent drain displacement. A single centre retrospective study (7) demonstrated reduction in 

displacement with sutures (14.8% non-sutured displacement, 6.6% sutured, p=0.04). A non-

comparative study assessing external fixation devices which secure the drain to the skin using adhesive 

(8) reported displacement rates below that in the published literature (2, 4). Locking pigtail catheters 

have been used, but may be associated with intercostal vessel laceration (9). There is thus a clear need 

for a safe, robust and proven method of chest drain fixation.  

Internal fixation within the pleural space is a potential solution. Urinary Foley catheters have been 

used in the pleural space (10), with the balloon inflated within the thoracic cavity. Although the 

technique was reported to be effective, the study was retrospective and non-comparative, the only 

complication data reported was empyema, and no validated measures of pain or other outcome were 

used (10).  

On the above basis, a bespoke chest drain was designed with an integrated intrapleural balloon to be 

inflated once the drain was in the pleural cavity. A small non-comparative pilot study demonstrated 

no drain displacement in 19/20 cases (11).  

This study was a prospective randomised controlled trial using the dedicated balloon intercostal drain 

(Figure 1) to assess whether it was effective at preventing drain displacement and safe compared with 

routinely used chest drains.  

 

  



METHODS 

Trial design 

The BASIC trial (multicenter open label, randomised, controlled trial of use of a dedicated balloon 

intercostal chest drain) compared standard 12F intercostal drains and the 12F balloon drain, with the 

primary outcome of drain displacement. The study was funded by the Royal Brompton and Harefield 

Hospitals Charity. Trial design, implementation, analysis, and manuscript preparation were 

performed by the trial investigators, and independent of all funders. Further details in the online 

supplement. 

 

Participants 

Participants were recruited from 19 hospitals in the United Kingdom and randomized to receive either 

a balloon intercostal drain or a conventional drain. Inclusion criteria were 1) Any clinical indication for 

a small-bore chest drain, 2) Aged 18 years or over, 3) Able to provide informed consent. Exclusion 

criteria were 1) Any clinical indication for a large bore (>14F) chest drain or frank haemothorax, 2) 

Pleural effusion or pneumothorax on radiological assessment (CXR, CT or ultrasound) considered to 

be too small to place an intercostal drain, 3) Indication for chest drain drainage where the drain was 

expected to be required for less than 24 hours and 4) Contraindication to chest drain insertion or 

where enrolment to the trial would delay clinical care in an emergent situation.  

 

Enrolment and randomisation 

Participants were randomly assigned in a 1:1 ratio to either balloon drain or standard care, conducted 

through a centralised, web-based system using a computer-generated minimization algorithm. 

Minimization factors were 1) Recruiting centre and 2) Indication for chest drain insertion (suspected 

or confirmed malignancy, pleural infection, pneumothorax, or other indication).  

 

Interventions 

Balloon Drain 

The balloon drain insertion pack included a 16F dilator, in addition to the standard 14F dilator, which 

was used to widen the tract. The balloon drain was inserted to a depth to ensure the balloon was 

within the pleural space before inflation (at least 10cm plus skin to pleura depth).  



The balloon drain was inflated using 5mls sterile water through an external port after insertion which 

was aspirated prior to removal. The drain could be sutured in place at the discretion of the operator, 

and a bespoke dressing was provided as per a trial specific procedure. In the instance of failed insertion 

of the balloon drain, a standard chest drain was inserted. 

Prior to drain removal, the 5mls sterile water was aspirated from the balloon and the volume of fluid 

obtained from the balloon documented. Post removal, the balloon was re-inflated outside the chest 

cavity to assess balloon integrity.  

Standard care 

Standard (12F) drains were inserted to at least 12cm to match the depth of insertion of balloon drains. 

All standard drains were secured with one suture and a bespoke drain dressing. Once the drain was 

inserted, ongoing management of the drain was identical to that in the balloon arm (see trial specific 

instructions, supplementary file). 

 

Outcomes 

The primary outcome was the proportion of chest drains which were unintentionally or accidentally 

displaced. This was defined pre-hoc as any of the following:  

• Drain fell out of the pleural cavity completely 

• Drain displaced such that side holes were no longer in the pleural cavity 

• Drain confirmed to be displaced from the pleura cavity by any radiological investigation (chest 

x-ray, ultrasound or CT) 

• Drain displaced to any degree such that the displacement stopped adequate function 

• Drain withdrawn by an amount deemed to be significant by the local PI.  

 

Patients who died with the drain in situ were assumed to have non-displaced drains. 

 

Secondary outcomes were 

• Time to drain displacement  

• Clinical consequences of displacement 

• Visual Analogue Score (VAS) 100mm for chest pain  

• Analgesia requirements 



• Requirements for radiological investigations to assess drain placement or function 

• Length of hospital stay 

• Need for further ipsilateral pleural procedures 

• Adverse events (including death and readmissions) 

• A per protocol analysis of drain displacement. 

 

Study assessments 

All baseline data, drain insertion information, daily analgesia requirement, radiological investigations, 

adverse events and displacement outcome were recorded on an electronic database. A daily record 

of pain (100mm VAS score) was undertaken at baseline and for the first 5 days and after chest drain 

removal.   

 

Follow up 

Patients were followed up for 30 days after completion of treatment (drain removal) to assess for 

complications, additional interventions, readmissions or death.  

 

Sample size  

The sample size calculation assumed a rate of displacement of 20% (2, 4) in the standard care arm and 

5% in the balloon arm (11). Using these assumptions, with a significance level of 5% and power of 90%, 

and an expected patient withdrawal rate of 2%, a total of 136 patients were required.  

A planned interim assessment of displacement rate in the standard care arm was conducted after 50 

patients were randomised to check sample size calculation assumptions for the standard care arm 

alone (i.e. no comparison was made with the intervention arm). This showed a lower than expected 

displacement rate in the standard care arm (12%), and on this basis, the sample size was increased to 

267. 

 

Analysis 

A statistical analysis plan (SAP) was approved and signed off by the trial steering committee prior to 

data lock and analysis (see online supplement).  



Analyses were conducted on an intention to treat (ITT) basis. The drain displacement proportion 

(primary outcome) was compared using the  test and used a continuity correction. A pre-planned 

sensitivity analysis used a logistic regression model which adjusted for the minimisation factors and 

any baseline imbalances as per the SAP.  

For secondary outcomes,  analysis was used for all categorical outcomes and the Mann-Whitney U 

test was used for continuous and ordinal outcomes. The time study drains were in situ and time to 

drain displacement were counted in thirds of days and analysed using Cox proportional hazards 

regression. A predetermined level of significance was set at 5%. 

Pre-specified subgroup analysis was conducted on the minimisation categories (indication for chest 

drain: malignant pleural effusion, pleural infection, pneumothorax, or other). A per protocol analysis 

of the primary outcome was conducted as a planned secondary analysis, including only cases where 

the intended drain was inserted and where the balloon was fully inflated. Adjusted analyses were 

conducted using pre-specified parameters including the minimisation variables.  

  



Results  

Recruitment and data completion 

After assessing a total of 490 potentially eligible patients, the target of 267 (100%) patients was 

recruited. The study recruited between 07 March 2018 and 13 November 2019 (Figure 1).  Of the 

267 patients randomised, 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. Two patients withdrew consent during the study 

(one in each arm) but allowed data collected to be used.  

 

Baseline demographics  

Of the 263 patients, median age was 71 years; 146 were male (55.5%). The majority had known or 

suspected malignant pleural effusion (144, 54.8%), and baseline characteristics were well balanced 

(Table 1).   

Chest drains were inserted in a dedicated procedure room (229/262: 87.4%), or respiratory ward 

(33/262: 12.6%), and the majority used ultrasound guidance (90.4%) (Online Supplement Table 1). In 

total, 89% of balloon drains and 100% of standard drains were sutured (Online Supplement Table 1). 

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 (2 1df=5.8, p=0.03). In total, 10 patients in the balloon arm received 

a standard chest drain. 

 

Primary outcome 

Displacement information was available in 257/263 (97.7%) patients. Primary outcome data was not 

available in 6/263 patients due to: withdrawal from the study (n=2) and failure to insert any drain 

(n=4).  

Unadjusted ITT analysis of the primary outcome demonstrated a lower frequency of displacement in 

the balloon drain arm (balloon drain displacement 5/128, 3.9%; standard care displacement 13/129, 

10.1%) which was not statistically significant (Odds Ratio (OR) for drain displacement 0.36, 95% CI 0.13 

to 1.0,  1df=2.87, p=0.09). The use of sutures was the only baseline imbalance and the only 

additional factor which needed to be accounted for as per the SAP. Adjusted ITT analysis to account 

for minimisation factors and use of drain sutures demonstrated that balloon catheters were 



independently associated with reduced drain displacement (adjusted OR 0.27, 95% CI 0.08 to 0.87, 

p=0.028). 

Time to drain displacement was shorter in the standard care arm than in the balloon drain arm (Online 

Supplement Figure 2) but this was not statistically significant (Log Rank test (Mantel-Cox),  1df=3.50, 

p=0.062).  

Of patients meeting the primary outcome (drain displacement), a larger proportion were displaced 

(13/18, 72.2%) than fell out of the chest cavity (5/18, 27.8%). There were no clinical consequences of 

displacement in 10 patients (one balloon arm, nine standard care), four patients failed to complete 

treatment (one balloon arm, three standard care) and three required further procedures (all balloon 

arm) due to displacement (Table 2).  

 

Secondary outcomes 

Adjusted per protocol analysis (including only those who had the allocated drain successfully inserted 

and, in the balloon arm, the balloon inflated) demonstrated balloon catheters were independently 

associated with a reduced drain displacement rate (adjusted OR 0.21, 95% CI 0.05 to 0.81, p=0.023).  

The use of sutures was associated with a lower rate of drain displacement in both the intention to 

treat (adjusted OR 0.12, 95% CI 0.02, 0.59, p=0.008) and per protocol analyses (OR 0.09, 95% CI 0.02, 

0.50, p=0.006). There were no significant differences between treatment arms in total length of 

hospital stay, number of radiological investigations, subsequent pleural procedures, re-admissions or 

mortality (Table 3 and 4). 

 

Adverse Events and Pain 

The adverse event (AE) 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 serious adverse event (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 

(Table 4). The majority of AEs were related to difficulties in drain removal, and none met the criteria 

for seriousness. 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=0.0, 

p=0.98).  



At the time of removal, pain was recorded by the investigators in 21/131 (16%) of patients in the 

balloon arm and 1/132 (0.8%) in the standard care arm (Fisher exact p<0.001). In pain VAS scores 

recorded by the patients, there was no difference between treatment groups in pain or analgesia use 

at any time point(Figure 3, Tables 5 and 6). 

 

Balloon fixation and integrity  

In the 91 patients where there was a record of balloon integrity, 9 (9.9%) were concluded to have had 

a faulty valve. 

Five balloon drains were displaced. Of these, 3 were not sutured: in 1 the balloon had not remained 

inflated, and balloon integrity data was unavailable in the other 2 cases. The remaining 2 cases were 

sutured; in one the balloon had not remained inflated and in the other, there was no documentation 

of the volume of fluid removed at deflation.  

 

 

 

  



DISCUSSION 

This prospective multicentre, openlabel, randomised controlled trial compared balloon drains to 

standard drains using clinically relevant outcomes. It is the first prospective trial to use a pre-hoc and 

objective definition for drain displacement, including any relevant outcome which adversely affected 

patient care, and is thus clinically applicable.  

The unadjusted (ITT) analysis demonstrated a lower rate of displacement in the balloon arm (3.9%) 

compared with standard care (10.1%) (OR for drain displacement 0.36, 95% CI 0.13 to 1.0). The pre-

hoc and statistically robust adjusted (ITT) analysis demonstrated a significant and independent 

reduction in drain fall out rate using the balloon catheter (adjusted OR 0.27, 95% CI 0.08 to 0.87, 

p=0.028) and sutures (adjusted OR 0.12, 95% CI 0.02, 0.59, p=0.008). Although per protocol analysis 

is likely to be biased in favour of the intervention in a superiority trial, the per protocol analyses results 

were in the same direction as the ITT analyses. Taken together, these data suggest that use of the 

balloon catheter and use of sutures significantly and independently reduce displacement rates.  

Sample size assumptions used in this trial were based on interim review of the displacement rate in 

the standard care arm after 50 patients were recruited suggesting a 12% displacement rate, whereas 

the final study results demonstrated a lower displacement rate. The lower displacement rate in the 

standard care arm, which we assume is related to the use of an objective and prospectively defined 

outcome, suggests that the reason the unadjusted analysis did not show formal statistical significance 

at the conventional threshold (p<0.05) is likely due to the study being underpowered to detect this 

difference. However, it should be noted that the displacement rate in the standard care arm remains 

clinically important, with 1 in 10 patients experiencing displacement. 

The demonstrated effect size in reducing drain fall out rate (6.2% absolute difference, 63% relative 

difference, OR 0.36) is large, and clinically significant. If the detected difference is real, the balloon 

drain reduces drain fall out events by 2.8 fold. The Kaplan-Meier analysis suggests that the reduction 

in drain fall out rate occurs from day three onwards, and that drain displacement is a more important 

clinical entity in patients who are likely to need drains for a longer (>48 hour) period, noting that 

patients likely to require a chest drain for less than 24 hours were excluded from this study. 

To remain pragmatic, the trial protocol allowed clinicians to choose whether to use sutures with 

balloon drains, but mandated their use with “standard care” drains. Clinicians were 100% compliant 

with the use of sutures in standard drains, whereas 89% chose to use sutures with the balloon drain. 

The purpose of this trial was to assess whether the balloon drain was associated with less frequent 

clinically important displacement, rather than as a replacement for a suture which is commonly used 



by interventional pulmonologists for small bore (<14F) chest drains. However, many practitioners may 

not regularly use sutures for chest drains. Given that the results demonstrate a reduction in drain fall 

out rate independently with both balloon drain and suture use, it is likely that if the study was 

repeated without suture use in either arm, balloon drain use would be associated with a greater 

reduction in displacement rate, as it may be assumed fall out rate would be increased in the standard 

care arm.  

A number of balloon drains (9/91, 9.9%) used early in the study had a fault with the valve which led 

to the balloon deflating while still in situ. Of the five balloon drains which displaced, in all cases either 

the balloon integrity had been compromised or there was missing data regarding volume of fluid 

removed on deflation. No balloon drain displacement occurred in cases where the drain had been 

functioning optimally. 

Although the balloon drain was associated with significant displacement reduction, insertion and 

removal were more difficult than with standard drains, and this is likely due to the presence of a ridge 

on the drain surface where the non-inflated balloon is fixed. Despite difficulties with drain removal 

and pain being reported by investigators who were not blind to treatment allocation, there were no 

differences in patient reported VAS pain scores at the time of drain removal. However, there was a 

significantly higher rate of AEs in the balloon arm, the majority of which were associated with drain 

removal. Although there were no severe or serious events related to drain removal in this study, the 

possibility of complications in a larger population should be considered.  

Given these study results, should a balloon drain now be used preferentially in the pleural space to 

prevent drain displacement? Our results demonstrate that use of an intrapleural balloon is effective 

in preventing drain displacement, independent of the use of sutures. The overall drain displacement 

rate using standard drains is around 10% when sutures are used, and therefore the benefits of balloon 

drains should be balanced with the minor risks of removal. In clinical situations where sutures are not 

used, or where displacement of the drain would have a profound effect on management (e.g. intended 

talc pleurodesis or chest drains in the intensive care unit), the balloon drain may have advantages and 

should be considered.  

 

  



Conclusion 

Chest drains with an integrated inflatable intrapleural balloon reduce displacement compared with 

standard drains, independent of suture use, but are associated with increased frequency of insertion 

and removal difficulties and increased non-serious adverse events. Such drains may have a role in 

practices where sutures are not routinely used, or where drain displacement would be associated 

with significant clinical risks, but our data do not support their use in routine clinical practice.  
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Tables and Figures 

Table 1. Demographics and baseline data 

 Balloon Drain n= 131 Standard care n= 132 

Age in years (median, IQR) 71 (59-79) 71 (59-79) 

Gender (M:F) ⱡ 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) ⱡ 57:71 53:77 

Current malignancy 68/129 (52.7%) 65/132 (49.2%) 

Past Medical History 

• Cardiovascular 

• Respiratory 

• Abdominal 

• 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) 

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  
ⱡMissing data; Gender – 2, Side of Intervention 5 

 



Table 2. 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 

  



Table 3. 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 

• Other**  

• Unknown 

29/129 (patients) 
35 (interventions) 

4 
10 
13 
0 
6 
2 
0 

34/128 (patients) 
41 (interventions) 

9 
7 
9 
3 
8 
4 
1 

 

 

 

 

 = 0.58, 1df, 
p=0.45 

Length of stay post drain 
insertion*** 
Median (IQR) 

n=123 
 

6 (3-11) 

n=129 
 

7 (4-11) 

 
p=0.39 

(Mann Whitney) 

*including both the study drain and any subsequent drains inserted **IPC removal, pleural biopsy, 

pleurodesis ** within 30 days of insertion 

CXR – chest radiograph, CT – computed tomography, IPC – indwelling pleural catheter 

  



Table 4. 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%) 

 

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 

  



 

Table 5. VAS scores (n=216, where data available) 

 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 

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 6. 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 

NSAIDs = non-steroidal anti-inflammatory drugs, *gabapentin, pregabalin, lidocaine patch, ketamine, 

clonazepam and buscopan 

 

 

 

 

 

  



Figure 1 – Inflated Balloon Catheter 

 

  



Figure 2 – 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  



*Four patients were deemed to be ineligible after randomisation as a repeat ultrasound assessment 

did not demonstrate sufficient fluid for drain insertion. 

 

  



Figure 3. Daily VAS Scores 

 
 

 



A randomised controlled trial of intrapleural balloon intercostal chest drains to prevent drain 

displacement 

Online Supplement 

Trial design 

The authors vouch for the accuracy of the trial data and fidelity to the trial protocol. The trial was 

sponsored by the Royal Brompton and Harefield Hospitals Trust and managed by the Oxford 

Respiratory Trials Unit (ORTU). Data management was undertaken by ORTU. Study oversight was 

provided by an independent trial steering committee. Ethical approval was obtained from the National 

Research Ethics Service Committee (17/SC/0607). The interventional devices and funding for 

consumables were provided by Rocket Medical Ltd, UK, who had no input in to the design, conduct, 

analysis, writing or decision to submit the manuscript. The study was conducted on an open-label basis 

without sham procedures and thus participants, clinicians, and data-collectors were aware of 

treatment allocation (Trial registration ISRCTN37304337). 

Safety reporting 

Only drain-related adverse events (AEs) were reported, and included pain, infection, bleeding, organ 

puncture, hypoxia, persistent air leak, surgical emphysema, hypotension and prolonged length of stay 

due to drain removal/displacement. Disease-related expected serious adverse events (SAEs) included 

re-admission, underlying disease progression and death. Any other drain related AEs or SAEs were 

reported as unexpected. All AEs and SAEs were reviewed and categorised post study completion by 

an independent clinician who was blind to treatment allocation.  
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Tables 

Supplement Table 1. 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 
 

• US guidance 

• CT guidance 

• No image guidance  

n=131 
 
 

118 (90.1%) 
2 (1.5%) 

11 (8.4%) 

n=131* 
 
 

119 (90.8%) 
1 (0.8%) 

11 (8.4%) 

 

 

 

 = 0.34, p=0.84 

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 

US – ultrasound, CT – computed tomography 

*missing data in 1 patient 

  



 

Figures 

Supplement Figure 1. Balloon Drain 

 

 

 

 

Supplement Figure 2 – Drain displacement over time 
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1. LIST OF ABBREVIATIONS  
 
 

AE  Adverse Event 
AR  Adverse Reaction 
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CI  Chief Investigator 
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HRA    Health Research Authority 
ICF  Informed Consent Form 
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PI  Principal Investigator 
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SOG  Safety Oversight Group 
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UACDR  Unintentional/Accidental Chest Drain Displacement   
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2. STUDY PERSONNEL AND FACILITIES 

Chief Investigator (CI): Dr. Samuel Kemp 
 Department of Respiratory Medicine 
 Royal Brompton Hospital  
 Fulham Road 
 London 
 SW3 6NP   

 E-mail: s.kemp@rbht.nhs.uk  
 Phone: 020 7351 8021 

 Fax: 020 7349 7771 
 

Key Investigator and ORTU Director: Prof. Najib Rahman 
 Oxford Respiratory Trials Unit  
 Churchill Hospital 

 Headington 
 Oxford 
 OX3 7LE 

 E-mail:  najib.rahman@ndm.ox.ac.uk  
 Phone: 01865 225256 

Fax:  01865 857109 
 

For general queries, supply of trial documentation, safety reporting and collection of 
data, please contact: 

Study Coordinator:  Dr. Rachel Mercer  
 Oxford Respiratory Trials Unit  
 Churchill Hospital 

 Headington 
 Oxford 
 OX3 7LE 

 E-mail:  Rachel.mercer@nhs.net  
 Phone: 01865 226767 
   
  
Clinical Queries: Clinical queries should be directed to the Principal Investigator at the 
appropriate site. 
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3. STUDY SYNOPSIS 
 

Full study title: A randomised, controlled trial of the use of a dedicated ballooned 
intercostal drain 

Short study title:   BASIC 

Chief Investigator: Dr Samuel Kemp 

Medical 
condition/disease 
under investigation: 

Pleural disease requiring intercostal tube (ICT) drainage, including 
primary spontaneous pneumothorax (PSP), secondary 
pneumothorax, malignant pleural effusion (MPE), and non-
malignant pleural effusion. 

Study duration: 18 months 

Clinical phase:  III 

Device Name: Ballooned intercostal drain 
Manufacturer 
Name: Rocket Medical 

Principal intended 
use: Drainage of the pleural cavity 

Primary Objective: 
To compare the unintentional / accidental chest drain displacement 
rate (UACDR) between standard care and a balloon intercostal 
drain of the same size. 

Secondary  
Objective:  

1. To assess the difference in patient reported pain scores, 
using a visual analogue scale 

2. To assess the frequency of complications such as balloon 
rupture or drain blockage and any other complications 
(such as surgical emphysema, nerve damage, intercostal 
injuries, etc). 

3. To assess difference in the length of hospital stay in both 
arms. 

4. To assess the total number of subsequent pleural 
procedures (including surgical procedures) in the 30 days 
after drain removal. 

5. To assess the number of days which the patient has any 
chest drain in situ in the 30 days after drain removal. 

6. Assess the number of radiological investigations performed 
due to issues with any chest drain in situ during the 
patient’s hospital admission. 

7. To record the consequences of drain displacement such as 
failure to complete treatment, delayed discharge the need 
for subsequent pleural procedures or the need for further 
medical or surgical care. 

Study population:  Patients requiring intercostal tube drainage of the pleural cavity. 

Methodology:  Randomised controlled trial 

Eligibility criteria: 
Inclusion criteria: 

1. Age 18 years or over 
2. Able to give written informed consent 
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3. Requiring intercostal tube drainage for clinical reasons 
Exclusion criteria: 

1. Inability to provide written informed consent 
2. Requiring a large bore drain according to local PI or 

delegated person’s clinical judgement. 
3. Frank haemothorax (requiring a large bore chest drain in 

view of the local PI or delegated person) 
4. Pleural space (known prior to intervention) to be too small 

to place either standard or interventional drain according to 
local PI or delegated person. 

5. Drain planned to be in situ for less than 24 hours. 
6. Any contraindication to chest drain insertion (such as 

uncorrected clotting abnormality) 
7. Any patient in acute pain or with an emergency 

presentation where consideration of the study would 
inappropriately delay patient care. 

Study treatment: 
This trial aims to test the benefits of using a dedicated ballooned intercostal drain in patients 
requiring in-patient drainage of the pleural cavity. 

4. INTRODUCTION 

4.1 BACKGROUND 

Intercostal tube drainage of pleural air or fluid is an essential tool in the 
management of respiratory patients. A common complication of drain insertion is 
accidental removal of the drain, usually as a result of inadequate securing 
techniques, with rates of up to 21% quoted in the literature for drains inserted for 
any condition 1-3. This study only enrolled patients with malignant pleural effusions 
so this rate may be higher than in patients with a wider selection of pathologies. The 
2015 British Thoracic Society Audit of Pleural Procedures found a 9.2% drain fall out 
rate, but this was with a range of drain sizes (3). Drain displacement often results in 
the need for further pleural procedures (including drain re-siting), with associated 
additional risk to the patient and an increase in health care costs.  One suggested 
method to reduce premature drain removal is to use intercostal drains with 
ballooned tips, much like Foley bladder catheters. These would provide a relatively 
atraumatic physical obstruction to the thoracostomy site, whilst being easy to use as 
stitching or extensive taping may not be required. There is published evidence for 
the use of non-dedicated ballooned drainage devices for the removal of pleural fluid 
(5), and data from a pilot study has demonstrated the safety and feasibility of a 
dedicated ballooned intercostal tube (being prepared for publication). Pain can be a 
significant issue with intercostal tubes, and occasionally warrants drain removal. The 
potential reduction in stitching and taping required to ensure the drain remains in 
the pleural space may reduce the overall discomfort of intercostal tube drainage.  
 
We propose a randomised, controlled trial of a dedicated ballooned intercostal drain 
(the ‘interventional drain’) to investigate whether a reduction in accidental early 
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drain removal can be achieved. Pain scores will also be assessed during this trial to 
ensure that pleural irritation is not prohibitive, and a cost-effectiveness analysis 
undertaken. 
 
4.2 PRE-CLINICAL DATA/CLINICAL DATA 

Data from a pilot study performed at King’s Mill Hospital, Sutton-in-Ashfield, 
demonstrated a fall-out rate of 5% when the interventional drain was used however 
in this one patient, it is unclear if the balloon was fully inflated within the pleural 
space (paper being prepared for publication). This compares favourably with rates in 
the literature when a standard non-ballooned drain is used. 
 
4.3 STUDY RATIONALE AND RISK/BENEFIT ANALYSIS 

The use of a ballooned ICT has the potential to reduce the accidental fall-out rate, 
improving the care of patients with pleural disease. Potential risks include increased 
pain, tissues necrosis and traumatic removal of the ICT and balloon, although none 
of this occurred using the interventional drain in a pilot study of 20 patients. Pain 
from pleural irritation did not seem to be an additional problem in that small study. 
 
4.4 MANAGEMENT OF POTENTIAL STUDY RISKS 

No specific risks related to this study have been identified, although the potential for 
pleural irritation, incorrect positioning at the time of balloon inflation and tissue 
necrosis still remains. The patient pathway is identical to usual clinical care, and the 
interventional drain is CE marked and available for use in clinical practice.   
The investigators are not aware of any reported problems or excess adverse events 
from the use of the interventional drain, and the CI has used the interventional drain 
without incident. 

5. STUDY OBJECTIVES 

5.1 PRIMARY OBJECTIVE 

To compare the unintentional / accidental chest drain displacement rate (UACDR) 
between standard care and a balloon intercostal drain of the same size.  
  
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 
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• Is confirmed to be displaced by any radiological investigation such as chest X-
ray, CT or ultrasound. 
 

Clinical decisions to reposition drains / withdraw drains when treatment is completed 
will be according to agreed upon trial specific instruction, and documented on the 
CRFs.  
 
5.2 SECONDARY OBJECTIVES 

1. To assess the difference in patient reported pain scores, using a visual 
analogue scale 

2. To assess the frequency of complications such as balloon rupture or drain 
blockage and any other complications (such as surgical emphysema, nerve 
damage, intercostal injuries, etc). 

3. To assess difference in the length of hospital stay in both arms. 
4. To assess the total number of subsequent pleural procedures (including 

surgical procedures) in the 30 days after drain removal. 
5. To assess the number of days which the patient has any chest drain in situ 

in the 30 days after drain removal. 
6. Assess the number of radiological investigations performed due to issues 

with any chest drain in situ during the patient’s hospital admission. 
7. To record the consequences of drain displacement such as failure to 

complete treatment, delayed discharge the need for subsequent pleural 
procedures or the need for further medical or surgical care. 

6. DESIGN  

6.1 OVERALL DESIGN 

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 tube. Patients undergoing ICT 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 tube drainage 
with either a standard intercostal drain or the interventional drain. 
 
Randomisation will occur via web-based programme and occur with minimisation for 
the following:  

• Recruitment Centre 
• Primary indication:  

o Pneumothorax 
o MPE 
o Infection 
o Other 

 
 
6.2 STUDY INTERVENTION AND RATIONALE 
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6.2.1  Control arm 
 
Subjects randomised to the control arm will have a standard Seldinger-type non-
ballooned intercostal drain inserted at the earliest opportunity as per standard 
hospital protocols using local anaesthetic, ultrasound guidance (where appropriate) 
and conscious sedation (where appropriate). Details of the procedure will be 
recorded on the CRFs, including use of imaging and level of operator. The  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 standard drain will aim to be inserted to match the depth of insertion needed for 
the interventional drain (as per the trial specific instructions). It must also be 
stitched in place (single standard chest drain holding suture) and secured using 
bespoke drain holding dressing which will be standardized across the entire study.  
  
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.   
 
6.2.2 Interventional arm  
 
Subjects randomised to the treatment arm will have the interventional drain inserted 
at the earliest opportunity as per standard hospital protocols using local anaesthetic, 
ultrasound guidance (where appropriate) and conscious sedation (where 
appropriate). Details of the procedure will be recorded on the CRFs, including use of 
imaging and level of operator. 
 
The drain will be secured using bespoke drain holding dressings which will be 
standardized across the entire study and the same as for the standard drains. All 
other aspects of treatment will be identical to usual clinical care, including chest 
drain checks and fluid drainage strategies, with trial specific protocols available to all 
sites for each disease area.  The operator will be permitted to use a holding suture 
at their discretion in the interventional arm. 
 
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 (on the discharge CRF).  
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6.3 SCHEMATIC OF TRIAL DESIGN 
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7. ELIGIBILITY CRITERIA  

7.1 INCLUSION CRITERIA 

1. Patients aged 18 years or over 
2. Patients able to give written informed consent 
3. Patients requiring intercostal tube drainage for clinical reasons 

 
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 

 
The most likely or suspected clinical diagnosis should be recorded for randomisation 
to allow for appropriate minimisation but a final diagnosis will be recorded on the 30 
day CRF to allow for more accurate data capture. 
 
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.  
 
7.2 EXCLUSION CRITERIA 

1. Inability to provide written informed consent 
2. Requiring a large bore drain according to local PI or delegated person’s 

clinical judgement. 
3. Frank haemothorax (requiring a large bore chest drain in view of the local PI 

or delegated person) 
4. Pleural space (known prior to intervention) to be too small to place either 

standard or interventional drain according to local PI or delegated person. 
5. Drain planned to be in situ for less than 24 hours. 
6. Any contraindication to chest drain insertion (such as uncorrected clotting 

abnormality) 
7. Any patient in acute pain or with an emergency presentation where 

consideration of the study would inappropriately delay patient care. 
 

Haemothorax is defined as a pleural fluid haemoglobin of greater than half of the 
serum haemoglobin value.  
 
If a participant is found to have a frank haemothorax or the pleural space is not big 
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enough to insert adrain, during or after the procedure, the patient does not need to 
be withdrawn and the CRFs should be completed as fully as possible rather than 
submitting a protocol deviation.  
 
7.3 DISCONTINUATION/WITHDRAWAL OF PARTICIPANTS AND STOPPING RULES 

Patients are free to withdraw their consent to participate in the trial at any time. 
Drainage of the pleural cavity represents usual clinical care, and is not trial-specific, 
and therefore any drain inserted would only be removed for clinical reasons, unless 
specifically requested by the patient after thorough discussion with the team 
responsible for their usual clinical care. If a patient does withdraw their consent to 
participate, they can request one of the three methods below.  
 
No further contact – means that the research team no longer contacts the patient 
directly, but still has their permission to use information, samples and to obtain 
further information from health records.  
 
No further access – means that the research team no longer contacts the patient or 
obtains information from their health records, but still has permission to use the 
information and samples already collected. 
  
No further use – means that the research team no longer contacts the patient or 
obtains further information, aims to destroy all samples already collected (though 
tracing previously distributed samples may not always be possible), does not use 
either data or samples for further analyses, but is not able to remove data from 
analyses already carried out. Data already entered on to the database cannot be 
deleted, but will be excluded from analysis. 
 
The reason for withdrawal, if known, will be recorded in the CRF. If the participant is 
withdrawn due to an adverse event, the investigator will arrange for visits or 
telephone calls to collect follow-up information on the adverse event until the 
adverse event has resolved or stabilised.  
 
They will still receive the safety follow-up telephone call at 1 month (see section 
10.4) unless they expressly request for this not to happen. 
 
If a participant’s is randomised and it becomes apparent a chest drain is no longer 
required the participant should be withdrawn from the study. However if an attempt 
is made at inserting a chest drain and it fails the participant should remain in the 
study. 
 
The investigators reserve the right to postpone recruitment or to terminate the trial 
early if new information comes to light that renders the trial futile (for example new 



 

Randomised ballooned drain trial  
Version 7.0, 03Apr2019 

Page 15 of 35 

clinical data), or there is an apparent safety issue with the interventional drain or 
any other aspect of the study. 
 
 
 
 

8. SUBJECT/PATIENT RECRUITMENT PROCESS  

Patient recruitment at a site will only commence once the trial team has ensured 
that the following approval/essential documents are in place:  
 

1. REC approval, 
2. HRA Approval   
3. Final sponsorship, 
4. Local Site Delegation of Duties and Signature Log is completed. 

 
All sites participating in the trial will also be asked to provide a copy of the following:  
 

1. Signed Clinical Trial Site Agreement (CTSA) if applicable 
2. Confirmation of capacity and capability (if applicable). 

 
All subjects who wish to enter the study will be fully screened and consented by the 
Chief Investigator (CI), or one of the qualified clinicians involved in the study as the 
local PI or delegated person. 
 
Participants will be recruited from patients who are scheduled to undergo intercostal 
tube drainage as an in-patient at participating centres. All subjects who wish to enter 
the study will be fully screened and consented by the Chief Investigator (CI), one of 
the qualified clinicians involved in the study as the Principal Investigator (PI), or by a 
delegated person as documented in the study delegation log. 

9. STUDY PROCEDURES  

9.1 INFORMED CONSENT 

Informed consent will be obtained by the Chief Investigator (CI), Principle 
Investigator (PI) and/or a nominated deputy as recorded on Sponsor’s Delegation of 
Responsibilities Log. All individuals taking informed consent will have received 
consent training. 
 
Consent to enter this study will be obtained after a full account has been provided of 
its nature, purpose, risks, burdens and potential benefits, and the patient has had 
the opportunity to deliberate. The patient will be allowed to specify the time they 
wish to spend deliberating, usually up to 24 hours.  
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Periods shorter than 24 hours will be permitted if the patient feels that further 
deliberation will not lead to a change in their decision, and provided the person 
seeking consent is satisfied that the patient has fully retained, understood and 
deliberated on the information given. This provision has been made with the support 
of our patient advisory group. Patients in severe acute pain will not be approached 
and all patients will be allowed at least 1 hour to consider whether they would be 
happy to participate.  
 
Likewise, periods longer than 24 hours will be permitted should the patient request 
this. The Investigator or designee will explain that the patients are under no 
obligation to enter the trial and that they can withdraw at any time during the trial, 
without having to give a reason. 
 
A copy of the signed Informed Consent Form (ICF) along with a copy of the most 
recent approved Patient Information Sheet (PIS) will be given to the study 
participant. The original signed consent form will be retained at the study site (one 
filed in the medical notes and one filed in the Investigator Site File (ISF)) A copy of 
the consent form will also be given to the patient. 
 
If new safety information results in significant changes to the risk–benefit 
assessment, the consent form will be reviewed and updated if necessary. All 
subjects, including those already being treated, will be informed of the new 
information, given a copy of the revised consent form and asked to re-consent if 
they choose to continue in the study. 
 
9.2 RANDOMISATION PROCEDURE 

Once a patient has been identified for the trial and has signed the informed consent 
form, baseline details as listed in section 10.2 will be entered into a dedicated web-
based programme accessible at all sites, and patients will be allocated 1:1 to either 
usual care (a standard 12F ICT) or to the interventional drain, minimised by sites 
and disease areas (MPE/infection/pneumothorax/other). 
 

10. STUDY ASSESSMENTS  

10.1 SCREENING ASSESSMENTS 

All patients requiring intercostal drainage for clinical reasons will be offered entry 
into the study, unless, in the view of the treating physician, large bore drain  is 
required. No other screening assessments will be required, other than the ability to 
sign the informed consent form. 
 
10.2 BASELINE ASSESSMENTS 

No changes to usual clinical care occur as part of the trial, and no additional baseline 
assessments will be made. The following baseline data will, however, be collected: 
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§ Primary diagnosis requiring intercostal drain 
§ Laterality of pleural disease requiring intervention 
§ Co-morbidities 
§ Previous thoracic intervention(s). 

 
 
 
 
10.3 TREATMENT PROCEDURE 

Patients who have provided signed informed consent will then proceed to the study 
protocol. Patients will be randomised to undergo either standard ICT insertion (usual 
clinical care) or insertion of the interventional drain.  
 
Standard clinical policies and procedures at each participating centre will be followed 
for chest drain insertion, and no additional procedures or tests will be required for 
those randomised to the interventional drain.  
 
The procedure will be performed under local anaesthesia with standard monitoring 
according to local protocol.   
 
Data collected at the time of insertion will include: 

§ Laterality 
§ Site of drain insertion (using visual scale) 
§ Volume and strength of local anaesthetic used 
§ Analgesia administered 
§ Use of ultrasound at time of drain insertion and findings thereof including 

depth from skin to pleura. 
§ Number of centimeters to which drain was inserted  
§ Size of drain 

 
  
10.4 SUBSEQUENT ASSESSMENTS 

All subsequent care will be as per best clinical care for all patients in both arms of 
the study. The only additional assessments over and above usual care will be the 
collection of pain scores. Pain will be rated by the patients on a visual analogue scale 
(VAS).   
 
Patients will be asked to draw a line perpendicular to a 10cm long horizontal line, 
where the left hand end relates to no pain at all, and the right to the worst pain 
imaginable. This score will be recorded twice daily by the patient in a VAS booklet, 
until drain removal or day 5 post insertion, whichever is sooner. 
 
Data collected whilst the original drain is in situ will include: 

§ Analgesia used 
§   Additional stitches needed  

§ Age 
§ Sex 
§ Body habitus 
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§ Any complications 
§ VAS scores (To be filled in by the patient twice daily) 

 
Data collected at the time of drain removal will include  

§ Date of drain displacement or intentional removal 
§ Clinical decision re drain removal (disease specific criteria) 
§ Number of centimeters at the skin at the time of removal 
§ Balloon integrity at the time of removal? (Intervention arm) 

 
Data collected at the time of discharge will include: 

§ Number of further pleural procedures needed 
§ Any further complications since drain removal 

 
Data will be collected at 30 days (+/- 7 days) post drain removal (either in clinic or 
via safety follow-up telephone call). If the patient is being contacted by telephone, 
their medical records will be reviewed prior to contacting to ensure that contact is 
appropriate. The patient will then be asked some screening questions when 
contacted to ensure that capacity has been retained and that it is appropriate to 
continue with the follow up call. The data collected from the patient and their 
medical notes will include: 

§ Complications 
§ Final diagnosis 
§ Further pleural interventions 
§ Total number of days any chest drain was in situ, including the original drain. 

 
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 and these data will be 
collected on the appropriate CRFs.  
 
The final point of data collection will be 30 days (+/- 7 days) after the original chest 
drain was removed. If the patient is still an inpatient at this point both the discharge 
CRF and follow up CRF should be completed at this point. If it is not possible to 
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contact the patient the 30 day CRF should be completed using the medical notes and 
any other available information. 
 
All data will be anonymised and stored according to ORTU standard operating 
procedures.  
 
 
10.5 SUMMARY CHART OF STUDY ASSESSMENTS 

 Insertion Day 0-5 Removal Discharge 
Pain score ✓ ✓ ✓  

Drain re-sited?  ✓ ✓  

- If so, when and 
why? 

    

Complications? ✓ ✓ ✓ ✓ 
Further pleural procedures   ✓ ✓ 

Balloon intact?    ✓ 

Total days drain in situ    ✓ 

Total hospital stay    ✓ 

11. METHODS  

11.1 LABORATORY PROCEDURES 

No samples will be taken, and no laboratory procedures will be undertaken other 
than those required as part of usual clinical care.   
 

11.2 RADIOLOGY OR ANY OTHER PROCEDURE(S)  

No additional radiology procedures are undertaken as part of this trial but data will 

be collected from radiological investigations conducted as part of clinical care. 
 
11.3 TECHNIQUES AND INTERVENTIONS 

11.3.1 Description of interventional drain 
 
The Rocket ballooned drain is similar in design to standard small bore intercostal 
drains, except for the addition of an inflatable balloon between 8cm and 10cm from 
the drain tip (figure 1) which is inflated using sterile water via a separate inflation 
channel running within the wall of the drain (figure 2). Although the balloon is 
capable of accommodating a greater volume of fluid, it is recommended that 5mls of 
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fluid be used for inflation. This will minimise the risk of balloon rupture or tissue 
injury whilst providing ample volume to prevent the balloon from regressing through 
the thoracostomy site. Detailed drawings can be found in appendix 2. 
 
 
 
 
 
 
Figure 1: Picture showing position of balloon 
 

  
 
 
 
 
 
Figure 2: Picture showing syringe attached to balloon inflation channel 
 

 
 
 
 
11.4 DEFINITION OF THE END OF TRIAL 
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The end of the trial is defined as the Last Patient Last Visit (LPLV), that is when the 
final patient has completed their 30 day (+/- 7 days) post drain removal safety 
telephone call or completed a 30 day review (+/- 7 days), if routinely being seen in 
clinic. 
 
 
 

12. SAFETY REPORTING  

12.1 DEFINITIONS 

Adverse Event (AE) Any untoward medical occurrence in a participant to whom 
a medicinal product has been administered, including 
occurrences which are not necessarily caused by or related 
to that product. 

Adverse Reaction (AR) 
 

An untoward and unintended response in a participant to an 
investigational medicinal product which is related to any 
dose administered to that participant. 
The phrase "response to an investigational medicinal 
product" means that a causal relationship between a trial 
medication and an AE is at least a reasonable possibility, 
i.e. the relationship cannot be ruled out. 
All cases judged by either the reporting medically qualified 
professional or the Sponsor as having a reasonable 
suspected causal relationship to the trial medication qualify 
as adverse reactions. 

Serious Adverse Event 
(SAE) 

A serious adverse event is any untoward medical 
occurrence that: 
• results in death 
• is life-threatening 
• requires inpatient hospitalisation or prolongation of 

existing hospitalisation 
• results in persistent or significant disability/incapacity 
• consists of a congenital anomaly or birth defect. 

Other ‘important medical events’ may also be considered 
serious if they jeopardise the participant or require an 
intervention to prevent one of the above consequences. 
NOTE: The term "life-threatening" in the definition of 
"serious" refers to an event in which the participant was at 
risk of death at the time of the event; it does not refer to 
an event which hypothetically might have caused death if it 
were more severe. 

Serious Adverse 
Reaction (SAR) 

An adverse event that is both serious and, in the opinion of 
the reporting Investigator, believed with reasonable 
probability to be due to one of the trial treatments, based 
on the information provided. 
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Suspected Unexpected 
Serious Adverse 
Reaction (SUSAR) 

A serious adverse reaction, the nature and severity of which 
is not consistent with the information about the medicinal 
product in question set out: 
• in the case of a product with a marketing authorisation, 

in the summary of product characteristics (SmPC) for 
that product 

• in the case of any other investigational medicinal 
product, in the investigator’s brochure (IB) relating to 
the trial in question. 

NB: to avoid confusion or misunderstanding of the difference between the terms “serious” and 
“severe”, the following note of clarification is provided: “Severe” is often used to describe intensity of 
a specific event, which may be of relatively minor medical significance. “Seriousness” is the regulatory 
definition supplied above. 
Any pregnancy occurring during the clinical trial and the outcome of the pregnancy should be 
recorded and followed up for congenital abnormality or birth defect, at which point it would fall within 
the definition of “serious”. 
The relationship of each adverse event to the trial medication must be determined by a medically 
qualified individual according to the following definitions: 
 
Unrelated – Where an event is not considered to be related to the IMP / 
intervention 
 
Possibly Related – although a relationship to the IMP / intervention cannot be 
completely ruled out, the nature of the event, the underlying disease, concomitant 
medication or temporal relationship make other explanations possible. 
 
Probably Related – the temporal relationship and absence of a more likely 
explanation suggest the event could be related to the IMP / intervention 
 
Definitely Related – the known effects of the IMP, its therapeutic class or based 
on challenge testing suggests that the IMP / intervention is the most likely cause. 
 
 

 Foreseeable Events 

A large proportion of patients in this study are likely to have life limiting diseases. 
Patients with malignant pleural effusions who have been hospitalized have a 30 day 
mortality of 15% (6) and those with pleural infection have a 20% 3 month mortality. 
In this study, therefore, using the conventional timelines for adverse event reporting 
is not appropriate. 

Disease related expected SAEs include: re-admission, death, and disease progression 
as judged by the local PI (or delegated person if the PI is unavailable). These will be 
recorded on the CRFs as expected adverse events but not subject to the timelines 
for SAE reporting. 

Drain related expected AEs include: pain, infection, bleeding, organ puncture, 
hypoxia, persistent air leak, surgical emphysema, hypotension and prolonged length 
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of stay due to drain removal/displacement. All drain related adverse events as 
judged by the local PI (or delegated person if the PI is unavailable) will be captured 
on the CRFs up to 30 days after initial drain removal. At the 30 day telephone / 
clinical follow up point, CRFs will be used to record any further defined adverse 
events. Only those which are directly attributable to drain insertion / use / removal 
will be recorded at this point.  

Unexpected adverse events are those not on the list above that in the investigators 
view is directly attributable to the chest drain. If these are serious (i.e. Serious and 
Unexpected Adverse Event), these events will be subject to expedited reporting to 
the sponsor as per SUSAR guidelines. 

 
 
12.2 RECORDING ADVERSE EVENTS (AES) 

All drain related Adverse Events will be recorded in the hospital notes and Case 
Report Form (CRF). Only AEs felt to be directly attributable to the chest drain should 
be recorded. All expected AEs will be collected on the CRFs so separate AE forms do 
not need to be completed. Unexpected AEs will be reported in the normal manner. 
 
If the Investigator suspects that the disease has progressed faster due to the 
administration of the study treatment/procedure, then he/she will report this as an 
unexpected adverse event to Oxford Respiratory Trials Unit who will refer to the 
Sponsor and the main REC, if appropriate, as detailed in Section 12.3.  
 
12.3 REPORTING SAES 

Only related, unexpected SAEs occurring as judged by the local PI (or delegated 
person if the PI is unavailable) will be reported up to 30 days after initial drain 
removal. These should be reported on the ORTU reporting form to ORTU within 24 
hours of the Site Study Team becoming aware of the event at 
respiratorytrialsunit@ouh.nhs.uk ORTU will perform an initial check of the report, 
and ensure the SAE is reviewed by the Medical Reviewer (including expectedness 
assessment), if appropriate the sponsor and the main REC will also be notified. The 
SAE will also be reviewed at the next ORTU Safety Oversight Group meeting. 
Additional and further requested information (follow-up or corrections to the original 
case) will be detailed on a new SAE Report Form and reported to ORTU.  
 
 
12.4 THE TYPE AND DURATION OF THE FOLLOW-UP OF SUBJECTS AFTER SAES 

All SAEs will be treated as per clinical need, and follow-up will be arranged with the 
relevant PI in the out-patient department to monitor progress from adverse events if 
felt necessary on discharge. Adverse events will be recorded on the CRFs up to and 
including the 30 day month safety follow-up telephone call/clinic review.  
 
12.5 PREGNANCY 
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There is no requirement for special measures for pregnant patients undergoing 
intercostal tube drainage in normal clinical practice. Therefore, pregnant patients will 
be offered the opportunity to participate in this trial.  Intercostal tube drainage does 
not confer any significant risk to the foetus, and is not teratogenic.  

 
12.6 ANNUAL PROGRESS REPORTS (APRS) 

The Chief Investigator will prepare the APR for the study. It will be reviewed by the 
RO and sent to the main REC by the CI within 30 days of the anniversary date on 
which the favourable opinion was given by the main REC, and annually until the trial 
is declared ended. 
 
 
 
12.7 REPORTING URGENT SAFETY MEASURES 

The Sponsor and/or the Investigator may take appropriate urgent safety measures 
in order to protect the subjects of a clinical study against any immediate hazard to 
their health or safety. If safety measures are taken, the main REC approval is not 
required before the measure is taken.  
 
The Investigator will immediately and in any event no later than 3 days from the 
date the measures are taken, give written notice to the main REC and the study 
Sponsor of the measures taken and the circumstances giving rise to those measures. 
 
In order to prevent any delays in the reporting timelines the Sponsor has delegated 
this responsibility to the CI/PI. Therefore the CI/PI must report any urgent safety 
measures to the main REC directly, and in parallel to Oxford Respiratory Trials Unit 
and the Sponsor. The REC coordinator will acknowledge receipt of urgent safety 
measures within 30 days.  
 
All urgent safety measures reported by PIs from participating sites will also be 
forwarded to the relevant local REC. 

13.  DATA MANAGEMENT AND QUALITY ASSURANCE 

13.1  CONFIDENTIALITY  

All data will be handled in accordance with the Data Protection Act 1998, NHS 
Caldecott Principles, the UK Policy Framework for Health and Social Care Research, 
and the condition of the main REC approval. 
 
The Case Report Forms (CRFs) will not bear the subject’s name or other personal 
identifiable data. The subject’s initials, and trial Identification Number (ID), will be 
used for identification. 
 
13.2  DATA COLLECTION TOOL  
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Case Report Forms (CRF) will be appropriately designed and reviewed by the trial 
management group. The study will utilise a secure web-based, trial data 
management system designed for remote electronic data capture. Details of data 
security arrangements will be given in the Data Management Plan.    
 
It is the Investigator’s responsibility to ensure the accuracy of all data entered and 
recorded in the CRFs. The Delegation of Responsibilities Log will identify all trial 
personnel responsible for data collection, entry, handling and managing the 
database. 
 
 
13.3 DATA HANDLING AND ANALYSIS 

 
At the time of the 30 day telephone call or clinic review, the investigator making that 
call will aim to ensure a complete dataset has been entered on the CRFs by 
reviewing the patient’s medical notes and the electronic patient record (EPR) system, 
and consulting with the histopathology team where necessary. 
 
 
13.4 ARCHIVING ARRANGEMENTS 

The key study documents (including the Trial Master File (TMF)) will be kept for a 
minimum of five years. The CI is responsible for the secure archiving of trial 
documents. Trial data will also be archived electronically and securely for a minimum 
of five years.  
 
The approved repository for longer retention of local materials for studies that 
involve RB&HFT patients will be stored in accordance with the current SOP. The 
study documentation will be prepared for archiving by the research team in line with 
the Research Office Archiving SOP and the transfer will be arranged by the Research 
Office.  

14. STATISTICAL DESIGN  

14.1 SAMPLE SIZE AND RECRUITMENT 

Based on data from previous studies of drain fall-out rates with standard ICTs 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 
Fall-out rate in pilot study: 5% 
Fall-out rate in previous studies: 21%  
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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 TSC. However after reviewing the data this was found to be 
12%. Since this was lower than expected the trial was likely to be underpowered, 
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%. 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 267.  
 
 
14.2 ENDPOINTS 

14.2.1  Primary endpoints 

To compare the unintentional / accidental chest drain displacement rate (UACDR) 
between standard care and a balloon intercostal drain of the same size.  
  
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. 
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14.2.2 Secondary endpoints 

1. To assess the difference in patient reported pain scores, using a visual analogue 
scale. 
- assessed by simple measurement of the distance of the line drawn by the patient 
from the left hand end of the VAS.2. 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 fluid 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 

3. To assess the difference in the length of hospital stay 
- Record the number of days, after insertion of the initial study drain, 

that the patient was discharged (Including day of drain insertion and 
date of discharge) 

4. To assess the total number of pleural procedures (including surgical procedures) 
in the 30 days after the initial study drain was removed  

- Record the number of pleural procedures undertaken in the 30 days 
after the initial study drain was removed 

5. To assess the number of days which the patient has any chest drain in situ in the 30 days 
after the initial drain removal 

- Record the number of days the patient had a chest drain in situ in the 
30 days after the initial study drain was removed after the initial  study 
drain was removed 

6. To record the total number of radiological investigations performed from the time 
of drain insertion until the 30 day follow up has been completed 

- Assessed by review of medical notes radiology systems. 
7. To record the consequences of drain displacement such as failed treatment, 
delayed discharge the need for subsequent pleural procedures or the need for 
further medical or surgical care 

- Assessed by review of medical notes and/or patient review. 
 

14.3 STATISTICAL ANALYSIS PLAN 

Analysis of baseline characteristics will include: 
Age   Sex  Co-morbidity 
Laterality  Drain size Presence of fluid loculation 
Body Habitus  Diagnosis Previous pleural interventions 
 
All statistical analysis will be managed according to a detailed statistical analysis plan 
which will be written and signed off by the trial management group prior to 
recruitment completion, data lock or any meaningful analysis of the data. In brief 
terms, primary and secondary outcomes will be compared between treatment arms, 
and include time to event analysis (i.e. including tube dwell time in the analysis) 
where appropriate. 
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14.3.1 Primary endpoint analysis 
The primary end point for the trial is difference in the UACDR between control and 
interventional  arms and will be analysed as part of a detailed statistical analysis 
plan, to include time to event analysis as above.  The analysis will be performed on 
an intention to treat basis.  
 
14.3.2 Secondary endpoint analysis 
Secondary endpoints will be analysed as part of a detailed statistical analysis plan 
which will be written and signed off by the trial management group prior to 
recruitment completion, data lock or any meaningful analysis of the data. 
 
14.4 RANDOMISATION 

Patients will be randomised using a centralised, web-based service.  Patients will be 
allocated 1:1 to either usual care (a standard 12F ICT) or to the interventional drain. 
Patients will be minimised by sites and disease areas 
(Pneumothorax/MPE/Infection/Other). 
 
14.5 OTHER STATISTICAL CONSIDERATIONS 

Intention to treat will be undertaken in order to account for patients who are 
randomised but then do not have an intercostal tube sited for any reason.  The 
reason for non-insertion will be documented in the clinical notes. 

15. COMMITTEES INVOLVED IN THE STUDY  

15.1  TRIAL MANAGEMENT GROUP (TMG)  

The members of this group will be defined separately. The role of this group is to 
monitor all aspects of the conduct and progress of the trial, ensure that the protocol 
is adhered to and take appropriate action to safeguard participants and the quality 
of the trial itself. 
 
15.2 Safety Oversight Group 
The Oxford Respiratory Trials Unit (ORTU) Safety Oversight Group will conduct a 
review of all SAEs for the trial reported during the reporting period and cumulatively. 
The ORTU Safety Oversight Group requires at least three clinicians to attend each 
meeting (this may include the Chief Investigator). The Group will provide advice to 
the TSC and may correspond directly with the Sponsor if potential safety concerns 
are raised. The aims of this committee include: 

• To pick up any trends, such as increases in un/expected events, and take 

appropriate action 

• To seek additional advice or information from investigators where required 
• To evaluate the risk of the trial continuing and take appropriate action where 

necessary 
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The content and timings of the ORTU Safety Oversight Group will be detailed in a 
Safety Oversight Group Charter, which will be agreed with the members.  
 
 
15.3 MONITORING AND AUDITING 

The study may be monitored or audited in accordance with the current approved 
protocol, GCP, relevant regulations and Trial Unit standard operating procedures. 
 
Study monitoring and/or audit will be discussed with the CI before arrangements are 
made to conduct the visit.  

16. DIRECT ACCESS TO SOURCE DATA  

The Investigator(s)/institution(s) will permit trial-related monitoring, audits, REC 
review, and regulatory inspection(s), providing direct access to source 
data/documents. Trial participants are informed of this during the informed consent 
discussion. Participants will consent to provide access to their medical notes. 
 

17. ETHICS AND REGULATORY REQUIREMENTS  

The Sponsor will ensure that the trial protocol, Patient Information Sheet (PIS), 
Informed Consent Form (ICF), and submitted supporting documents have been 
approved by the main Research Ethics Committee (REC) and the Health Research 
Authority (HRA), prior to any patient recruitment taking place. The protocol and all 
agreed substantial protocol amendments, will be documented and submitted for 
ethical approval prior to implementation. 
 
It is the responsibility of the PI at each site to ensure that all subsequent 
amendments gain the necessary local Trust approval. This does not affect the 
individual clinician’s responsibility to take immediate action if thought necessary to 
protect the health and interest of individual patients. 
Within 90 days after the end of the trial, the CI and Sponsor will ensure that the 
main REC is notified that the trial has finished. If the trial is terminated prematurely, 
those reports will be made within 15 days after the end of the trial. 
 
The CI will supply a final summary report of the clinical trial to the main REC and the 
Sponsor in parallel within one year after the end of the trial.  

18. FINANCE  

There are no costs above those of usual clinical care. The interventional drains will 
be provided free of charge by Rocket Medical, and therefore the trial is anticipated 
to present an overall cost saving. 
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Support for the trial is provided by an endowment to RBHFT as part of The Royal 
Brompton and Harefield Charitable Trust. Clinical trial materials and some 
consumables are provided by Rocket Medical who have no part in data acquisition, 
analysis or publication. 
 
 

19. INSURANCE AND INDEMNITY  

NHS bodies are liable for clinical negligence and other negligent harm to individuals 
covered by their duty of care. NHS Institutions employing researchers are liable for 
negligent harm caused by the design of studies they initiate. The provision of such 
indemnity for negligent harm should be stated to the participant.  
 

20. PUBLICATION POLICY  

Data ownership rights will lie with the institution. 

21. STATEMENT OF COMPLIANCE 

The trial will be conducted in compliance with the protocol, TSI, Trials Unit Standard 
Operating Procedures (SOPs), GCP and the applicable regulatory requirement(s). 
 
The study conduct shall comply with all relevant laws of the EU if directly applicable 
or of direct effect and all relevant laws and statutes of the UK country in which the 
study site is located including but not limited to, the Human Rights Act 1998, the 
Data Protection Act 1998, the Medicines Act 1968, and with all relevant guidance 
relating to medicines and clinical studies from time to time in force including, but not 
limited to, the ICH GCP, the World Medical Association Declaration of Helsinki 
entitled 'Ethical Principles for Medical Research Involving Human Subjects' (2008 
Version), the UK Policy Framework for Health and Social Care Research.    
 
This study will be conducted in compliance with the protocol approved by the main 
REC and according to RGF standards. No deviation from the protocol will be 
implemented without the prior review and approval of the Sponsor and the main 
REC except where it may be necessary to eliminate an immediate hazard to a 
research subject. In such case, the deviation will be reported to the Sponsor and the 
main REC as soon as possible. 

22. LIST OF PROTOCOL APPENDICES  

Appendix 1 Summary Chart of Study Assessments 
Appendix 2 Interventionaldrain design diagrams 
Appendix 3 ORTU Safety Reporting Process 



 

Randomised ballooned drain trial  
Version 7.0, 03Apr2019 

Page 31 of 35 

23. REFERENCES  

1. Davies HE, Merchant S, McGown A. A study of the complications of small 
bore 'Seldinger' intercostal chest drains. Respirology (Carlton, Vic). 2008;13(4):603-
7. 
2. Horsley A, Jones L, White J, Henry M. Efficacy and complications of small-
bore, wire-guided chest drains. Chest. 2006;130(6):1857-63. 
3. Hooper CE, Welham SA, Maskell NA. Pleural procedures and patient safety: 
a national BTS audit of practice. Thorax. 2015;70(2):189-91. 
4. 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. 
5. Ben-Nun A, Best LA. A simple method of using a Foley catheter to drain 
pleural effusion. Surgery today. 2008;38(8):769-70. 
6. Kookoolis AS, Puchalski JT, Murphy TE, Araujo KLB, Pisani MA. Mortality of 
Hospitalized Patients with Pleural Effusions. Journal of pulmonary & respiratory 
medicine. 2014;4(3):184. 



 

Randomised ballooned drain trial  
Version 7.0, dated 03Apr2019 

Page 32 of 35 

 
 
 

Appendix 1: Summary Chart of Study Assessments 
 

 
 
 
 

Study Procedures Screening Baseline 
During treatment: 

Discharge 
Follow up 
(30 days 

+/- 5 days) Insertion Day 0 - 5 Day 5 
onwards 

Drain 
removal 

Informed consent X   X     

Inclusion/exclusion criteria X        

Medical history/co-morbidities  X       

Demographics  X       

Documentation of primary diagnosis  X       

Documentation of site and  laterality   X       

Randomisation  X       

Drain insertion   X      

Documentation of drain fixation   X      

Documentation of USS use and findings   X      

Pain VAS   X X X X   

Documentation of complications   X X X X X X 

Documentation of re-siting    X X X   

Record of further pleural procedures      X X X 

Check of balloon integrity      X   

Telephone call        X 
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Appendix 2: Study Drain Design Diagrams 
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Appendix 3: ORTU Safety Reporting Process 
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BASIC TSI_01 

 

Insertion protocol (CONTROL ARM) 

 

Purpose – to ensure that insertion of the chest drain in the CONTROL ARM is 
standardised and safe. 
 
INSTRUCTIONS 
 
Once the patient has been consented and randomised to the control arm you will need the 

following equiptment: 

• 10ml 1% or 2% local anaesthetic (lidocaine or equivalent). 

• Sterile gloves, gown and drapes. 

• 2x chloraprep sticks (or equivalent). 

• 1 clean trolley. 

• 1 seldinger chest drain kit. 

• 3 Needles (1x orange, 2x green), 2 syringes (1x10ml, 1x20ml), 1x scalpel, 5x 
gauze swabs, 2x drapes. 

• 1x 3-way-tap,1 x suture 1x adhesive dressing ("drainfix"). 

• Chest drain bottle, tubing and sterile water. 
 
 

▪ Analgesia and sedation  
 

To reduce pain associated with chest drains, analgesia should be considered as pre-
medication and should be prescribed for all patients with a chest drain in place.  
 

▪ Patient position and site of insertion  
 

The preferred position for standard drain insertion is on the bed, slightly rotated, with 
the arm on the side of the lesion behind the patient’s head (figure 3A) or on the hips 
to expose the axillary area or in the lateral decubitus position (figure 3B). An 
alternative is for the patient to sit upright leaning over an adjacent table with a pillow 
under the arms (figure 3C).  
 
 
 Figure 3: Positioning of patient for procedure  

    
 
 



Insertion should ideally be in the ‘triangle of safety’ illustrated in figure 4. This 
position minimises the risk to underlying structures (e.g., internal mammary artery) 
and avoids damage to muscle and breast tissue resulting in unsightly scarring. For 
apical pneumothoraces, the second intercostal space in the mid-clavicular line may 
be preferred.  
 
Figure 4: ‘Triangle of Safety’  

 

 
 
The triangle is bordered anteriorly by the lateral edge of pectoralis major, laterally by 
the lateral edge of latissimus dorsi, inferiorly by the line of the fifth intercostal space 
and superiorly by the base of the axilla.  
 

▪ Image-guidance  
 

All chest drains for fluid must be inserted under image guidance. When using 
ultrasound to select a site for aspiration of a pleural effusion, the site chosen should 
have (1) sufficient depth of pleural fluid (at least 10 mm), (2) no intervening lung at 
maximal inspiration and (3) minimal risk of puncture of other structures such as the 
heart, liver and spleen. It should be noted that ultrasound will not prevent inadvertent 
laceration of the intercostal neurovascular bundles, particularly where they run within 
the intercostal space medial to the angle of the rib posteriorly. Once a site has been 
localised, it should be marked either with an indentation or indelible ink and a mental 
note made of the maximal depth of fluid present and the required angulation of 
needle insertion. It is mandatory to perform the aspiration at the time of the 
ultrasound rather mark a spot for subsequent aspiration as any alteration of the 
patient’s position may significantly alter the relationship between the skin marker and 
the underlying pleural fluid.  
 
Thoracic ultrasound is of limited utility in guiding insertion of a chest drain in the 
presence of a pneumothorax as the radiological signs are difficult to interpret.    
 

▪ Aseptic technique  
 

Chest drains should be inserted in a clean area using full aseptic technique including 
gowns, drapes, sterile gloves and skin cleansing. A large area of skin cleansing 
should be undertaken using two applications of alcohol-based skin disinfectant, 
allowing it to dry in between applications. The procedure should be carried out in a 



clean area appropriate for such procedures.  
 

▪ Local anaesthesia  
 

Local anaesthetic as per local hospital policies should be infiltrated prior to the 
procedure, paying particular attention to the skin, periostium and the pleura.  
 

▪ Small-bore Seldinger technique  
 

The Seldinger technique to insert a chest tube has become the most widespread 
method of drain insertion. A needle is introduced into the pleural space and the 
pleural contents aspirated to confirm the position of the needle tip in the pleural 
space. The depth of the needle when it enters the pleural space is noted. A guide 
wire is passed through the needle which can be used to gently guide the wire to the 
apex or the base of the pleural cavity as required. The needle is then withdrawn 
leaving the guide wire in place and a small skin incision is made. The dilator is then 
passed gently over the guide wire using a slight twisting action. Many of the reported 
injuries as a result of chest drain insertion were as a result of visceral puncture by 
the dilator. Force is unnecessary and the dilator only needs to be passed 1 cm 
beyond the depth to the pleura as measured with the introducer needle. By holding 
the dilator firmly at this depth or using a marker available with some kits, excessive 
insertion depth can be avoided. The tract is further widened by using a series of 
enlarging dilators up to the size of the drain. The drain is then inserted gently over 
the wire aiming upwards for pneumothorax or as appropriate for the fluid to be 
drained.  
 
 

▪ Securing technique  
 

The control chest drains should ideally be inserted to a depth which mirror the 
interventional drains. For the 16F drains this would be 15.6cm (end of the balloon) 
with the additional skin to pleura depth. For the 12F drains this would be 10cm plus 
the skin to pleura depth a suture should be used externally to fix the drain along with 
the drainfix adhesive plaster. Mark at the skin how far the drain has been inserted to. 
 
 

▪ Further Care 
 

The control chest drain should be attached to a chest drain bottle and underwater 
seal then managed as per hospital policy. This should include regular drain flushes 
for pleural effusions, 

▪ Drain removal 
 

Once the decision has been made to remove the chest drain, this should be 
undertaken as soon as possible and removal as per local protocols, The number of 
centimeters, at the skin, immediately prior to removal should be recorded. 
 
 



BASIC TSI_01 

 

Insertion protocol (INTERVENTIONAL ARM) 

 

Purpose – to ensure that insertion of the chest drain in the INTERVENTIONAL 
ARM is standardised and safe. 
 
INSTRUCTIONS 
 
Once the patient has been consented and randomised to the control arm you will need the 

following equiptment: 

• 10ml 1% or 2% local anaesthetic (lidocaine or equivalent). 

• Sterile gloves, gown and drapes. 

• 2x chloraprep sticks (or equivalent). 

• 1 clean trolley. 

• 1 Ballooned chest drain kit. 

• 3 Needles (1x orange, 2x green), 2 syringes (1x10ml, 1x20ml), 1x scalpel, 5x 
gauze swabs, 2x drapes. 

• 1x 3-way-tap, 1x adhesive dressing ("drainfix"). 

• Chest drain bottle, tubing and sterile water. 
 
 

▪ Analgesia and sedation  
 

To reduce pain associated with chest drains, analgesia should be considered as pre-
medication and should be prescribed for all patients with a chest drain in place.  
 

▪ Patient position and site of insertion  
 

The preferred position for standard drain insertion is on the bed, slightly rotated, with 
the arm on the side of the lesion behind the patient’s head (figure 3A) or on the hips 
to expose the axillary area or in the lateral decubitus position (figure 3B). An 
alternative is for the patient to sit upright leaning over an adjacent table with a pillow 
under the arms (figure 3C).  
 
 
 Figure 3: Positioning of patient for procedure  

    
 
 



Insertion should ideally be in the ‘triangle of safety’ illustrated in figure 4. This 
position minimises the risk to underlying structures (e.g., internal mammary artery) 
and avoids damage to muscle and breast tissue resulting in unsightly scarring. For 
apical pneumothoraces, the second intercostal space in the mid-clavicular line may 
be preferred.  
 
Figure 4: ‘Triangle of Safety’  

 

 
 
The triangle is bordered anteriorly by the lateral edge of pectoralis major, laterally by 
the lateral edge of latissimus dorsi, inferiorly by the line of the fifth intercostal space 
and superiorly by the base of the axilla.  
 

▪ Image-guidance  
 

All chest drains for fluid must be inserted under image guidance. When using 
ultrasound to select a site for aspiration of a pleural effusion, the site chosen should 
have (1) sufficient depth of pleural fluid (at least 10 mm), (2) no intervening lung at 
maximal inspiration and (3) minimal risk of puncture of other structures such as the 
heart, liver and spleen. It should be noted that ultrasound will not prevent inadvertent 
laceration of the intercostal neurovascular bundles, particularly where they run within 
the intercostal space medial to the angle of the rib posteriorly. Once a site has been 
localised, it should be marked either with an indentation or indelible ink and a mental 
note made of the maximal depth of fluid present and the required angulation of 
needle insertion. It is mandatory to perform the aspiration at the time of the 
ultrasound rather mark a spot for subsequent aspiration as any alteration of the 
patient’s position may significantly alter the relationship between the skin marker and 
the underlying pleural fluid.  
 
Thoracic ultrasound is of limited utility in guiding insertion of a chest drain in the 
presence of a pneumothorax as the radiological signs are difficult to interpret.    
 

▪ Aseptic technique  
 

Chest drains should be inserted in a clean area using full aseptic technique including 
gowns, drapes, sterile gloves and skin cleansing. A large area of skin cleansing 
should be undertaken using two applications of alcohol-based skin disinfectant, 
allowing it to dry in between applications. The procedure should be carried out in a 



clean area appropriate for such procedures.  
 

▪ Local anaesthesia  
 

Local anaesthetic as per local hospital policies should be infiltrated prior to the 
procedure, paying particular attention to the skin, periostium and the pleura.  
 

▪ Small-bore Seldinger technique  
 

The Seldinger technique to insert a chest tube has become the most widespread 
method of drain insertion. A needle is introduced into the pleural space and the 
pleural contents aspirated to confirm the position of the needle tip in the pleural 
space. The depth of the needle when it enters the pleural space is noted. A guide 
wire is passed through the needle which can be used to gently guide the wire to the 
apex or the base of the pleural cavity as required. The needle is then withdrawn 
leaving the guide wire in place and a small skin incision is made. The dilator is then 
passed gently over the guide wire using a slight twisting action. Many of the reported 
injuries as a result of chest drain insertion were as a result of visceral puncture by 
the dilator. Force is unnecessary and the dilator only needs to be passed 1 cm 
beyond the depth to the pleura as measured with the introducer needle. By holding 
the dilator firmly at this depth or using a marker available with some kits, excessive 
insertion depth can be avoided. The tract is further widened by using a series of 
enlarging dilators up to the size of the drain. The drain is then inserted gently over 
the wire aiming upwards for pneumothorax or as appropriate for the fluid to be 
drained.  
 
 

▪ Securing technique  
 

The interventional chest drains should ideally be inserted to a depth which allows for 
the balloon to be inflated. For the 16F drains this would be 15.6cm (end of the 
balloon) with the additional skin to pleura depth. For the 12F drains this would be 
10cm plus the skin to pleura depth. Once this has been achieved the balloon should 
be inflated with 10 mls of sterile water. Once this has been achieved the drain should 
be secured externally using the drainfix adhesive plaster provided but no stitch 
should be used. 
 
If it is not possible to insert the drain to the required length or inflate the balloon but 
the drain is functioning, the drain should remain in situ but a suture should be used 
externally to fix the drain along with the drainfix adhesive plaster. 
 
 

▪ Further Care 
 

The interventional chest drain should be attached to a chest drain bottle and 
underwater seal then managed as per hospital policy. This should include regular 
drain flushes for pleural effusions, 
 
 



▪ Chest drain removal 
 

After a clinical decision is made to remove the chest drain, this should be undertaken 
as soon as clinically possible. The number of centimeters, at the skin, which the 
chest drain is in until should be recorded and the balloon should be deflated by 
removing the 10mls of sterile water prior to removal. 
 
 


