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Introduction

Drainage of the pleural cavity after thoracic surgery is 
usually accomplished by using one or two large bore chest 
tubes (CTs). Due to the large diameter and limited flexibility 
of these tubes, patients often complain of intercostal pain 
at the insertion site, increasing the need of pain control 
drugs. An inadequate pain control might cause alterations 
in the pattern of breathing: the patient generates low tidal 
volumes, increasing the risk of atelectasis. The problem is 

compounded by cough suppression, which, in the presence 
of increased secretions, will further worsen atelectasis. 

In the past decade, some papers reported the use 
of flexible silastic chest drains in patients undergoing 
thoracotomy for different pleural or pulmonary pathologies. 
These publications reported about the safety and efficacy of 
these drains (1-7). 

Recently, a new flexible, fluted, coaxial silastic drain has 
been released by Redax® (Mirandola, Italy) (Figure 1).

In this paper, we have studied the characteristics of 
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safety and efficacy of the aforementioned CT in patients 
undergoing pulmonary lobectomy.

Methods

The study has been approved by the Institutional Ethics 
Committee of the University of Eastern Piedmont. Due 
to its retrospective nature, an informed consent from each 
patient was deemed unnecessary.

Surgical patient population

Since February 2010, intra-operative and post-operative 
management of patients undergoing pulmonary lobectomy 
and lymph nodes dissection for clinical stage I or II primary 
lung cancer in our Institution has been standardized as 
follows.

Open pulmonary lobectomy is performed through a 
lateral muscle-sparing thoracotomy at 5th intercostal space, 
whereas video-assisted thoracic surgery (VATS) lobectomy 
is performed through an anterior three-portal approach (8).  
Open or VATS approach was carried out on the basis 
of the surgeon’s choice. After removal of the specimen, 
the air leak from the bronchial stump and residual lung 
parenchyma is checked by soaking the re-inflated residual 
lobe/s in warm saline solution under a 30 cmH2O internal 
airway pressure; if air leaks are found, the damaged area is 
secured with appropriate sutures or application of sealant 
materials. At the end of the operation, a 24-F CT is inserted 

in 7th intercostal space at the anterior axillary line in open 
surgery or through the anterior-inferior port (the camera 
port) in VATS lobectomies; in all cases the tip of the tube is 
positioned at the apex of the chest cavity, regardless of the 
type of lobectomy performed. CTs are connected to water-
seal immediately after surgery. 

Post-operative pain management is provided by infusion 
of levobupivacaine/sufentanyl through an epidural thoracic 
catheter in open lung surgery and by subarachnoid analgesia 
(morphine injection) plus oral paracetamol in VATS. Visual 
analog scale (VAS) score is used to quantify post-operative 
pain at rest and while coughing is induced by the respiratory 
therapist.

Fluid drainage (blood or serum), and the presence of air 
leaks from the CT at rest and while coughing is recorded 
every 12 h and registered; the occurrence of clinically 
evident subcutaneous emphysema is registered too. At post-
operative day 1 (POD1), a routine chest X-ray is carried out 
and evidence of not completely expanded residual lobe(s) 
due to pneumothorax or fluid accumulation is recorded; in 
case of tension pneumothorax or increasing subcutaneous 
emphysema the tube is connected to an active suction 
system with a continuous negative pressure of 20 cmH2O, 
until resolution; in cases where the use of suction proves 
ineffective, a second CT is inserted at the appropriate site 
on the basis of the radiological indication.

Tubes are usually removed when there is no residual 
air-leak and the amount of drained fluid is <250 mL/day. 
Another chest X-ray is carried out the day following CT 
removal and residual pleural cavity or fluid accumulation is 
recorded.

Study population 

During the period between 1st August 2016 and 25th January 
2017, 52 patients undergoing pulmonary lobectomy and 
lymph nodes dissection for primary lung cancer (32 open 
surgery and 20 VATS) received a single 24-F Redax® 
Coaxial Drain (CD) (Redax, Mirandola, Italy) in order to 
drain the pleural cavity after resection (group A). Each 
of these patients has been matched, on the basis of some 
variables, with 2 patients who were operated for primary 
lung cancer during the previous 4 years in the same 
department and who had been treated with a single 24-F 
large bore standard CT (group B); matching variables are 
listed in Table 1 (the matching process was conducted by 
two surgeons—Ottavio Rena, Sara Parini—blinded of the 
post-operative events). Characteristics of matched groups 

Figure 1 Features of the 24-F Redax® Coaxial Drain. Note the 
fluted surface, the coaxial channel with multiple holes and tip 
section profile.
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are listed in Table 2.
We retrospectively collected and analyzed data from the 

in-hospital medical records of the two groups of patients: 
duration of surgery, post-operative morbidity and mortality, 
amount of chest-drained fluid (rate of drained fluid during 
POD0/total drained fluid), and postoperative air-leak 
presence and duration, POD1 chest X-ray demonstration 
of pneumothorax or pleural fluid accumulation, occurrence 
of post-operative tension pneumothorax or increasing 
subcutaneous emphysema, chest-drain duration, occlusion 
of chest drain by fibrin or blood clots at removal, VAS score 
on POD1 and 2, chest X-ray detection of pleural residual 
cavity or fluid accumulation after tube removal.

Statistical analysis

Data have been processed with a statistical computing 
software [Statistica (version 9), StatSoft Inc., Tulsa, 
OK, USA]. Results are reported as percentage, mean ± 
standard deviation (SD) for normally distributed variables. 

Chi-square and Student’s t-test were used to compare 
percentages and mean values; a P-value of 0.05 or less has 
been considered significant.

Results

Post-operative data are reported in Table 3. No difference was 
recorded between the two groups in terms of occurrence of 
post-operative complications and mortality rates (specifically 
considering atelectasis and sputum retention). 

Mean fluid evacuation was higher for group A patients, 
though not significant, whereas the rate of drained fluid at 
POD0/total drained fluid was significantly higher for group 
A patients. The highest amount of fluid drainage without 
occlusion for group A patients was 1,650 mL in 12 h.

Chest drain air-leak rate was 36% in group A and 34% 
in group B and the mean duration of the post-operative 
air-leak was similar in the two groups. No cases of tension 
pneumothorax were registered, whereas the rate of 
occurrence of post-operative subcutaneous emphysema 
was 1.9% and 3.8% in group A and B respectively (no 
differences recorded). In cases with increasing subcutaneous 
emphysema we applied 20 cm H2O external suction 
according to our standard protocol, and we observed that 
the complication has been solved after a median of 7 days; 
only in one case of group B a second CT was inserted due 
to the malfunction of the first one.

At POD1 chest X-ray, pneumothorax rate is slightly 
lower in group A, and the same group has a significantly 
lower pleural fluid retention rate. 

We registered no cases of tube occlusion by clots in 
group A, whereas in group B, 6/104 patients showed 
occlusion of the CT at the removal. 

Mean POD-1 and 2 VAS score is slightly lower in group 
A both at rest and while coughing, but if we consider only 
patients who have undergone VATS (sub-group A: 20 patients 
and sub-group B: 40 patients), group A patients complained 
a significantly lower post-operative pain. 

Mean chest drain duration was slightly lower for group A 
patients (5.2 vs. 5.5 days).

Chest X-ray after tube removal showed a similar rate of 
residual pleural cavity in the two groups, but a significantly 
lower rate of pleural fluid accumulation in group A. 

Discussion

After lung resections, drainage of the pleural cavity 
is necessary in order to remove blood, other fluids 

Table 1 Patients matching variables

Variable Value

Age ±5%

Gender M or F

Smoking habits Yes-former or not

Preoperative pulmonary 
function tests

Fev1% ±5%

FVC% ±5%

DlCO% ±5%

PaO2 ±5%

PaCO2 ±5%

Surgical approach Thoracotomy or tri-portal VATS

Resected lobe RUL, ML, RLL, LUL, LLL

Pleural adhesions Moderate to severe or not

Fissure management Stapler or electrocautery

M, male; F, female; Fev1, forced expiratory volume in 1 second; 
FVC, forced vital capacity; DlCO, carbon monoxide lung 
diffusion; PaO2, oxygen arterial pressure; PaCO2, carbon dioxide 
arterial pressure; COPD, chronic obstructive pulmonary disease; 
VATS, video-assisted thoracic surgery; RUL, right upper 
lobectomy; ML, middle lobectomy; RLL, right lower lobectomy; 
LUL, left upper lobectomy; LLL, left lower lobectomy.
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Table 2 Patients matched groups characteristics

Characteristics Group A (n=52) Group B (n=104) P value

Age, mean ± SD (years) 68±18 66.5±17.5 0.618

Gender, male/total 7/52 14/104 1

Smoking habits, yes or former/total 42/52 84/104 1

Pre-operative pulmonary function

FEV1%, mean ± SD 82.3±21.4 81.7±19.8 0.89

FVC%, mean ± SD 88.4±16.3 86.6±14.4 0.67

DlCO%, mean ± SD 81.3±11.4 83.7±12.4 0.72

PaO2, mean ± SD 79.4±19.4 77.3±18.5 0.69

PaCO2, mean ± SD 40.5±1.3 41.2±0.9 0.88

Surgical approach, VATS/total 20/52 40/104 1

Resection

RUL 19 38 1

ML 4  8 1

RLL 14 28 1

LUL 11 22 1

LLL 7 14 1

Pleural adhesions, moderate to severe/total 9/52 18/104 1

Fissure management (stapler/total) 45/52 90/104 1

Intraoperative bleeding (mL), mean ± SD 86±48 79±56 0.86

Number of dissected lymph nodes, mean ± SD 13.7±9.8 15.2±8.9 0.88

Pathological TNM staging

IA 15 34 0.88

IB 14 30 0.94

IIA 12 23 0.94

IIB 6 10 0.82

IIIA 5 7 0.68

Histology

Adenocarcinoma 32 67 0.89

Squamous cell carcinoma 15 29 0.87

Carcinoid 2 5 0.42

Others 3 3 1

Group A, patients receiving 24-F Redax Coaxial Drain; group B, patients receiving 24-F standard chest tube; SD, standard deviation.
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Table 3 Post-operative characteristics and variable analysis

Variable Group A (n=52) Group B (n=104) P value

Duration of surgery, min 155±60.5 164±58 0.271

Complication rate 17% 19% 0.945

Sputum retention 3.8% 4.8% 0.9

Atelectasis 1.9% 2.8% 0.838

PO mortality 0 0.9% 0.785

Mean PO fluid evacuation ± SD (mL) 775.3±602.8 659.2±504 0.207

Rate POD0 fluid evacuated/total 73% 48% 0.004

PO air-leak rate 36% 34% 0.945

Mean PO air-leak duration ± SD (h) 37.5±63.11 40.3±58 0.783

PO tension pneumothorax rate 0 0 0.98

PO increasing subcutaneous emphysema 1.9% 3.8% 0.878

POD1 chest X-ray

Pneumothorax rate 27% 33% 0.562

Pleural fluid retention rate 9.6% 26.2% 0.028

Mean PO drain duration ± SD (days) 4.15±2.47 4.5±3.2 0.490

Chest drain occlusion rate at removal 0 5.8% 0.183

Mean PO VAS score

POD1 at rest 3.7±1.7 4.0±1.9 0.338

POD2 at rest 2.8±1.6 3.1±2.1 0.366

POD1 during cough 4.6±2.1 5.4±2.3 0.627

POD2 during cough 3.7±1.9 4.2±2.2 0.164

Mean POD1 VAS score at rest (thoracot.) 4.2±2.1 4.8±2. 0.11

Mean POD1 VAS score at rest (VATS) 2.3±1.4 3.5±2.2 0.001

Mean POD1 VAS score during cough (thoracot.) 3.9±1.9 3.7±2.0 0.13

Mean POD1 VAS score during cough (VATS) 2.1±1.6 3.1±1.9 0.001

Mean hospital stay ± SD (days) 5.2±3.7 5.5±3.8 0.640

Chest X-ray after tube removal

Residual pleural cavity rate 15% 25% 0.221

Pleural fluid retention rate 5.7% 20.2% 0.033

Group A, patients receiving 24-F Redax Coaxial Drain; group B, patients receiving 24-F standard chest tube; PO, post-operative; POD0, 
post-operative day 0; POD1, post-operative day 1; POD2, post-operative day 2; VAS, visual analog scale.
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and air, thus preventing lung collapse due to pleural 
effusion, haemothorax or pneumothorax, and to monitor 
postoperative bleeding and air leak. 

Over the past decades, surgeons routinely used stiff CTs 
made of polyvinyl chloride that might be associated with 
complications and have several undesirable features.

Because of the size, stiffness and in case of more than one 
tubes, the standard CTs can hinder post-operative recovery 
by limiting early ambulation and deep breathing.

In some cases, thrombus formation within the drain 
might hamper further drainage and promote residual 
collection of fluid within the pleural space, which can lead 
to acute or chronic consequences.

In the last decades, some authors proved that a single 
CT may be sufficient to evacuate fluid and air-leak from 
pleural cavity after a pulmonary lobectomy (9-10); other 
authors demonstrated that a single chest drain under water-
seal is more useful than suction to seal post-operative air-
leak (11-12). Following the above-mentioned studies, since 
2010, our institution adopted a standardized protocol for 
intra-operative and post-operative management of post-
lobectomy air-leak and chest drain: all our patients received 
a single 24-F CT under water-seal. 

During the last years, some authors reported about the 
use of silastic drains that are round or flat, flexible and 
grooved, that may apply constant suction over the entire 
fluted portion of the tube (1-7). All the above papers 
concluded that, after lung surgery, the use of fluted drains is 
safe and useful in both fluid and air evacuation. 

Recently, a new silastic drain has been developed 
(Redax® CD). The new drain has a grooved round profile 
associated with an internal coaxial lumen; it is made of pure 
biocompatible silicone and is composed by: (I) a fluted 
tube section that allows effective drainage by effect of the 
capillary action and prevents tube occlusion following 
traction and/or torsion; (II) a round lumen, coaxial to the 
grooved section which allows separate air evacuation from 
the thoracic cavity draining it directly from the distal end 
through specifically created holes.

As for the others fluted drains used in the past, the 
surface area provided by the Redax® CD is considerably 
more extended than the actual area of evacuation through 
the side holes of a standard CT. These non-collapsible long 
channels for drainage should be resistant to occlusion with 
thrombus.

We conducted a comparison study about the safety and 
efficacy of a 24-F Redax® CD versus a 24-F standard CT. 

The first variable we studied is the capability of the new 

drain to evacuate post-operative fluid collections from the 
pleural cavity. In the group of patients receiving Redax® CD 
we recorded a higher (though not significant) total amount 
of drained fluid after surgery; a significant lower rate of 
residual fluid in the pleural cavity on POD1 chest X-ray and 
a lower rate of residual pleural effusion viewed on chest x-ray 
after tube removal. In particular, when the rate of fluid 
drainage during the POD0/total drainage was considered, 
Redax® CD warranted an evacuation rate significantly 
higher than that of the standard CT. When compared with 
a standard CT, the design of fluted surface allowed a faster 
fluid evacuation from the pleural cavity.

A second variable analyzed to evaluate the efficacy of the 
new drain is the occlusion rate at removal; Redax® CD was 
never found to be occluded by thrombus or fibrin clots at 
removal whereas 5.8% of cases occurred in the group of 
the standard chest drain; its material and tube design are 
demonstrated efficient to prevent tube occlusion even when 
a large amount of fluid had to be expelled.

In terms of capability of air-leak evacuation, the Redax® 
CD was similar to the 24-F standard chest drain: no event 
of tension pneumothorax occurred and the frequency of 
subcutaneous emphysema is similar in the two groups. The 
rate of POD1 pneumothorax (incomplete re-expansion 
of the residual lobe/s after lobectomy) is similar to that 
observed for standard CTs such as the frequency of residual 
pleural cavity at discharge. This is probably caused by other 
factors such as a fixed pleural space deficit that may exist 
secondary to the lack of compliance of the residual lung 
parenchyma, the patient’s chest wall mechanic and other 
complex factors, many of which have absolutely nothing to 
do with the flow characteristics of the chest drain. 

The flexible and soft material of the new drain seemed to 
be responsible of a lower mean VAS score reported during 
the entire chest drain permanence when compared to 
standard. Although it is difficult to distinguish the pain due 
to thoracotomy from pain related to the tube, the difference 
is easily appreciated after VATS surgery, when the drain is 
inserted in one of the VATS access port, instead of through an 
additional incision. It should be concluded that Redax® CD 
proves more comfortable for patients than the standard CTs.

The present study has some limitations particularly due 
to its retrospective nature and absence of randomization, 
but the comparison of two matched groups may be useful to 
reach the following conclusions: in terms of evacuation of 
fluid, Redax® CD is superior to the standard large bore CTs 
while it is not inferior to the standard tubes in terms of air-
leak evacuation; the tube design and used material is useful 
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to prevent occlusion of the tube by thrombus or fibrin clots; 
the flexibility and softness of its material allows a good 
tolerability.

Conclusions

The Redax® CD has been demonstrated safe and effective 
in draining the pleural cavity after pulmonary lobectomy. 
Further randomized studies are needed to confirm the 
above conclusions.
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