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Abstract: Background and Objectives: The novel double-pigtail catheter (DPC) has an additional pigtail coiling 

at the mid-shaft with centripetal multiple side holes. The aim of the present study was to investigate the 

advantages and efficacy of DPC in overcoming the complications of conventional single-pigtail catheters (SPC) 

used to drain pleural effusion. Materials and Methods: Between July 2018 and December 2019, 382 pleural 

effusion drainage procedures were reviewed retrospectively (DPC, n = 156; SPC without multiple side holes, n 

= 110; SPC with multiple side holes [SPC+M], n = 116). All patients showed shifting pleural effusion in the 

decubitus view of chest radiography. All catheters were 10.2 Fr in diameter. One interventional radiologist 

performed all procedures and used the same anchoring technique. Complications (dysfunctional retraction, 

complete dislodgement, blockage, and atraumatic pneumothorax) were compared among the catheters using 

chi-square and Fisher’s exact tests. Clinical success was defined as improvement in pleural effusion within 3 

days without additional procedures. A survival analysis was performed for calculating the indwelling time. 

Results: The dysfunctional retraction rate of DPC was significantly lower than that of the other catheters (p < 

.001). Complete dislodgement did not occur in any of the DPC cases. The clinical success rate of DPC (90.1%) 

was the highest. The estimated indwelling times were nine (95% confidence interval [CI]: 7.3–10.7), eight (95% 

CI: 6.6–9.4), and seven (95% CI: 6.3–7.7) days for SPC, SPC+M, and DPC, respectively, with DPC showing a 

significant difference (p < .05). Conclusions: DPC had a lower dysfunctional retraction rate compared to 

conventional drainage catheters. Furthermore, DPC were efficient for pleural effusion drainage with a shorter 

indwelling time. 

Keywords: Pigtail catheter; pleural drainage; simple pleural effusion 

 

1. Introduction 

Recently, pigtail catheter insertion is the preferred alternative minimally invasive treatment over 

the conventional large-bore chest tubes for pleural effusion drainage [1–3]. Placing a large-bore chest 

tube is relatively invasive, with potential morbidities and complications [4]. Pigtail catheters have a 

smaller profile, with more flexible materials causing lesser pain and injury to surrounding tissues [5]. 

Fewer complications of pigtail catheters were documented in cases of simple pleural effusions 

compared to chest tubes [6]. Furthermore, additional treatment, such as pleurodesis or fibrinolysis, 

can be performed using the pre-existing catheters [7]. 

Maintaining the proper position of an indwelling catheter is important for efficient drainage. 

Inserted catheters can be unintentionally pulled out. Nevertheless, catheters can be securely fixated 
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onto the skin by thoroughly educating the patients. An improper position can compromise catheter 

function and, occasionally, dislodge catheters completely. 

To overcome these drawbacks, the novel double-pigtail catheter (DPC), which has additional 

pigtail coiling in the middle of the catheter, was introduced. The aim of the present study was to 

compare the complication and clinical success rates of conventional single-pigtail catheters (SPCs) 

without multiple side holes, SPCs with multiple side holes (SPC+M), and DPCs for pleural effusion 

drainage. 

2. Materials and Methods 

2.1. Study population 

The requirement of obtaining informed consent from participants was waived owing to the 

retrospective study design. The study protocol was approved by the Institutional Review Board of 

Gangneung Asan Hospital (approval no.: GNAH 2020-12-006). Between July 2018 and December 

2019, we retrospectively reviewed all consecutive drainage procedures for initially unloculated 

pleural effusion of varying etiology. Shifting pleural fluid collection was verified in the decubitus 

view of simple chest radiographs as baseline examination for all patients. A total of 382 pleural 

drainage procedures were performed in 343 patients. Table 1 presents the baseline characteristics. 

Table 1. Summary of patients’ baseline characteristics. 

 

 
SPC (116) SPC+M (110) DPC (156) p-vale 

No. of patients 108 99 136  

Age(years), mean ± SD 71.7 ± 12.7 72.6 ± 12.0 70.1 ± 13.5 0.407 

Sex (No.)    0.683 

Male 70 59 87  

Female 38 40 48  

Etiology (No.)    0.936 

Cardiac/renal failure 38 40 56  

Parapneumonic effusion 22 14 22  

Malignant effusion 30 26 32  

Tbc pleurisy 12 11 15  

Others 6 8 11  

Liver cirrhosis 2 3 4  

Postoperative 2 2 5  

Pneumoconiosis 2 3 2  

Pleural fluid analysis     

pH (median, range) 7.0 (7.0-7.2) 7.0 (7.0-7.3) 7.0 (7.0-7.2) 0.402 

LDH (median, range) 184 (104-349.5) 192 (134-353) 182.5 (118-342) 0.331 

Glucose (median, range) 109 (92-146.5) 114 (95-147) 114 (98-139.5) 0.694 

Protein (median, range) 3.2 (2.25-4.2) 3.2 (2.4-4.2) 3.2 (2.2-4.4) 0.903 

SPC, single-pigtail catheter; SPC+M, single-pigtail catheter with multiple side holes; DPC, double-loop pigtail 

catheter; SD, standard deviation; Tbc, Tuberculosis; LDH, lactate dehydrogenase. 

2.2. Types of percutaneous drainage pigtail catheter 

Pigtail catheters available for pleural drainage were: 1) SPC: Dawson–Mueller Drainage 

Catheter, made of ultrathane, with a hydrophilic coated distal segment (5 cm, five side holes with 

pigtail formation of 10 mm), and Mac–Loc for the suture fixation system (25 cm in delivery length 

and 0.038” inner diameter; Cook, Bloomington, IN, USA); 2) SPC+M: Biliary Drainage Catheter, made 

of ultrathane, with a hydrophilic coated distal segment (12 cm, nine side holes with pigtail formation) 

and side-port segment (8 cm, 22 side holes), and Mac–Loc for the suture fixation system (40 cm in 
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delivery length, 0.038” in the inner diameter; Cook, Bloomington, IN, USA); 3) DPC: Multi-purpose 

Drainage Catheter, made of polyurethane, double-loop pigtail, and a suture fixation system, with a 

total of 21 side holes (5 for each pigtail and 11 side-port segments), pigtail loop size of 2 cm with 7-

cm intervals, delivery length of 30 cm, and 0.038” in the inner diameter (Sungwon Medical, Cheongju, 

North Chungcheong Province, Korea; Figure 1a,b). 

 

Figure 1. Detailed structure of double-loop pigtail catheter.(a) Multi-purpose Drainage Catheter, (b) 

consisting of a double-loop pigtail structure by adding another pigtail coiling in the middle of the 

shaft. 

2.3. Procedure details 

All procedures were performed by one intervention radiologist (BLINDED-FOR-REVIEW) in 

the intervention radiology suite with the patients in the supine position. Vital signs were monitored 

throughout the procedure. Combined fluoroscopy and ultrasound were used to guide the drainage 

catheter placement using the Seldinger technique as follows: 1) After sterilizing the skin, hypoechoic 

fluid collection was confirmed on ultrasonography in the intercostal space of the lower ribs, 

approximately at the level of the mid-axillary line. 2) For local anesthesia, 2% lidocaine was 

administered at the puncture site, and the location of the needle (21G Chiba needle) was continuously 

verified using an ultrasound probe, with the needle “walking over” the upper edge of the rib to avoid 

intercostal neurovascular bundles. 3) After puncturing the pleura, a metallic hair wire with a floppy 

tip (0.018”) was inserted through the needle, and the 6-Fr dilator sheath was inserted (3S-

Percutaneous access kit, Dukwoo Medical, Hwaseong, Gyeonggi, Korea). 4) Through the sheath, a 

0.035” hydrophilic guide wire (Radifocus, Terumo, Tokyo, Japan) was inserted. 5) Under fluoroscopic 

guidance, 10.2-Fr pigtail catheters were inserted over the guidewire, and the catheter tip was located 

at the T6–8 level, presumed to be the most dependent portion of fluid collection in the supine position. 

6) The same anchoring technique was applied in all patients by one interventional radiologist 

(number of knots: five; one loop of thread around the tubing between the knots of 2-0 black silk). 

2.4. Technical and clinical success and complications 

Technical success was defined as smooth drainage immediately after successful installation of 

the catheter in the thoracic cavity with pleural effusion. Clinical success was defined as improvement 

in pleural effusion on follow-up simple chest radiography within 3 days without additional 
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procedures. Indwelling time was defined as the catheterization period, and when the catheter was 

removed or changed because of complications, it was treated as censored data. Major complications 

included dysfunctional retraction, complete dislodgement, and blockage. Dysfunctional retraction 

was defined as outward pulling of the distal pigtail loop of the catheter without leaving the pleural 

cavity, causing a dysfunction in drainage and replacement of the catheter (Figure 2a,b). Complete 

dislodgement was defined as dislocation of the catheter end outside the pleural cavity where 

drainage fluid is located (Figure 2c). Blockage was defined as rapid decrease in the amount of daily 

drainage with a significant amount of pleural effusion remaining on simple chest radiographs. Other 

complications, such as atraumatic pneumothorax (Figure 2B), hemorrhage, and subcutaneous 

emphysema (Figure 2a) were recorded for each catheter during the indwelling time. 

 

Figure 2. Complications of conventional percutaneous drainage pigtail catheters.(a) The drainage 

pigtail catheter was retracted, and a radio-opaque marker (arrow) indicating the locations of side 

holes was positioned at the chest wall level. It resulted in catheter dysfunction and subcutaneous 

emphysema (arrow heads). (b) The single-pigtail catheter without side holes was fully retracted to 

the chest wall. Hydropneumothorax (arrowheads) was not resolved because of malfunctioning of the 

catheter. (c) Dislodgement occurred with the pigtail tip located completely outside the pleural cavity 

(arrows). 

2.5. Statistical analysis 

Complications were compared among catheters using the chi-square and Fisher’s exact tests. A 

survival analysis was used for calculating the indwelling time. Statistical analyses were performed 

using SPSS version 25.0 (IBM, Armonk, NY, USA), and p-values < 0.05 were considered to indicate 

statistical significance. 

3. Results 

Demographic data did not differ significantly among the groups (Table 1). All procedures were 

technically successful without immediate complications, The clinical success rate of SPC, SPC+M and 

DPC groups were 83.7%, 81.2% and 90.1%, respectively, showing significant differences (p=0.029). 

Regarding complications, the rates of dysfunctional retraction in the DPC, SPC+M, and SPC 

groups were 4.5%, 15.5%, and 23.6%, respectively (p < 0.001), showing significant differences (Table 

2). 

Table 2. Summary of patients’ baseline characteristics. 
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 SPC (116) SPC+M (110) DPC (156) 
SPC vs. 

SPC+M 

SPC+M vs. 

DPC 
SPC vs. DPC 

Dysfunctional retraction 18 (15.5%) 26 (23.6%) 7(4.5%) p = 0.123 p < 0.001* p <0.001* 

Complete dislodgement 2 (1.7%) 1 (0.9%) 0 (0%) p = 1 p = 0.41 p = 0.41 

Blockage 4 (3.6%) 9 (8.2%) 8 (5.1%) p = 0.158 p = 0.316 p = 0.445 

Other 6 (5.2%) 7 (6.4%) 5 (3.2%) p = 0.701 p = 0.222 p = 0.415 

Pneumothorax 6 5 5    

  Hemorrhage 0 1 0    

Subcutaneous emphysema 0 1 0    

SPC, single-pigtail catheter; SPC+M, single-pigtail catheter with multiple side holes; DPC, double-loop pigtail 

catheter; N/A, not available. 

There were three cases of complete dislodgement in the entire study population: two in the SPC 

group and and one in the SPC+M group. One SPC+M catheter was continuously retracted (Figure 2a) 

and eventually completely dislodged from the pleural cavity. In the other two cases, patients 

unconsciously pulled out their catheters at night, and the catheters were missing on follow-up 

radiographs. However, complete dislodgement did not occur in the DPC group. 

The frequencies of blockage in the SPC+M, DPC, and SPC groups were nine (8.2%), eight (5.1%), 

and four (3.4%), showing no statistical significance.  

As for other complications, atraumatic pneumothorax was the most common (n = 16: six in the 

SPC group, five in the SPC+M group, and five in the DPC group). Chest wall hemorrhage (n = 1) and 

subcutaneous emphysema (n = 1) were also detected in the SPC+M group (Table 2). 

In the survival analysis, the estimated indwelling times were eight (95% confidence interval [CI]: 

7.3–10.7), nine (95% CI: 6.6–9.4), and seven (95% CI: 6.3–7.7) days for SPC, SPC+M, and DPC, 

respectively, with DPC showing a significant difference (p < 0.05) (Figure 3a,b). 

 

Figure 3. Kaplan-Meier estimates of indwelling time for percutaneous pleural drainage catheters. (a) 

Single-pigtail catheter versus double-pigtail catheter (b) Single-pigtail catheter with multi side-holes 

versus double-loop pigtail catheter. 

4. Discussion 

Dysfunctional retraction and complete dislodgement are relatively common complications 

following percutaneously inserted drainage procedures [8]. The rates of these complications 

following pleural drainage procedures have been rarely reported [1,5,6]. The drainage catheters may 

become malpositioned or gradually pull away because of respiratory motion or inappropriate 

management, including physical traction. Maintaining their optimal position is crucial to keep 

efficient draining capability during the indwelling period [9]. It can decrease patient discomfort and 

reduce associated medical costs. To place the side holes of a catheter into the intended space, 

additional pigtail coiling was formed at the mid-shaft of the drainage pigtail catheter. These catheters’ 

performances in preventing retraction or dislodgement were not studied before. 
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Dysfunctional retraction was most frequently noted in the SPC+M group, followed by SPC and 

DPC groups. In cases of SPC+M, dysfunction of the catheter was more likely to occur when some of 

the side holes at the mid-shaft were pulled outside the pleural cavity (Figure 2a). These pulled-out 

side-holes can be blocked inside the chest wall and cause dysfunction resulting in replacement. SPC 

can become dysfunctional when the pigtail loop is fully retracted and hangs onto the parietal pleura 

(Figure 2b). In contrast, when unintended traction occurred in DPC, additional pigtail coiling at the 

mid-shaft of the catheter prevented further retraction. The function of DPC was preserved by limiting 

the range of retraction (Figure 4a, b). Furthermore, complete dislodgement of DPC did not occur. 

 

Figure 4. A 67-year-old man with pleural effusion treated with a double-pigtail catheter. (a) The 

double-loop pigtail catheter was inserted for left pleural effusion. Note that the second pigtail loop 

was at the middle lung field. (b) The catheter was mildly retracted to the site where the second pigtail 

loop hanged onto the pleura (arrowheads). The function of the catheter was maintained despite mild 

retraction. 

Pneumothorax occurred with all three types of catheters, possibly associated with intrapleural 

negative pressure during inspiration. It mostly occurred in the indwelling period and could be 

managed if the dysfunction of the catheter had not occurred. In addition, in the case of SPC+M, 

subcutaneous emphysema occurred. This may be because some side holes were located in the 

subcutaneous tissue of the chest wall with continuous intrapleural negative pressure (Figure 2a). 

Since subcutaneous emphysema caused great discomfort to the patient, it is regarded as a major 

complication. 

Effective drainage would be achieved if more side holes are well-placed in the intended position. 

However, paradoxically, some debris would get stuck in the side hole, which impairs catheter 

patency. When replacing or removing the catheter, in the case of SPC+M, a lot of debris was stuck in 

the multiple side holes of the linear shaft, presumed to cause blockage of the passage. Side holes 

inside the pigtail loop were presumed to be less vulnerable to blockage because they were faced in 

the centripetal direction inside the loop. Catheters with multiple side holes (SPC+M and DPC) 
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showed a higher blockage rate compared to SPC. In addition, SPC+M showed a higher blockage rate 

compared to DPC, as SPC+M had more side holes on the shaft (22 vs. 11). However, these findings 

failed to demonstrate statistical significance. 

The clinical success rates of these three types of catheter are comparable to those in a previously 

published study [10]. As mentioned earlier, the SPC+M group showed the lowest clinical success rate 

among all types of catheters. This may be because SPC+M was more vulnerable to both retraction 

and blockage. DPC resisted dysfunctional retraction compared to other types of catheters and 

showed a comparable blockage rate as SPC.  

DPC showed a significantly shorter indwelling time than other types of catheters. Longer proper 

positioning of the catheter seemed to decrease indwelling time. This can shorten the length of hospital 

stay and reduce medical costs. 

This study has some limitations. First, this study had a retrospective design. Second, 

randomization was not performed in the catheter type selection. However, the number of procedures 

did not differ significantly among the three groups. Third, the amount or nature of the patients’ 

pleural effusion (viscosity, turbidity, amount of debris) was not constant. However, all procedures 

were performed by one interventional radiologist; therefore, only one anchoring technique was used. 

As the method of fixing the catheter to the skin was unified, comparing dysfunctional retraction or 

complete dislodgement under the same conditions was possible. 

5. Conclusions 

DPC had a lower dysfunctional retraction rate compared to the other conventional pleural 

drainage catheters because it limited the range of retraction. It also had a higher clinical success rate 

compared to SPC+M. Furthermore, it was efficient, with a shorter indwelling time, possibly resulting 

in shortened hospital stay and reduced costs. 
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