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Abstract

Background The effectiveness of 14-French (14F) pigtail catheters (PCs) compared to 32-40F chest tubes (CTs) in

patients with traumatic hemothorax (HTX) and hemopneumothorax (HPTX) is becoming more well known but still

lacking. The aim of our study was to analyze our cumulative experience and outcomes with PCs in patients with

traumatic HTX/HPTX. We hypothesized that PCs would be as effective as CTs.

Methods Using our PC database, we analyzed all trauma patients who required chest drainage for HTX/HPTX from

2008 to 2014. Primary outcomes of interest, comparing PCs to CTs, included initial drainage output in milliliters

(mL), tube insertion-related complications, and failure rate. For our statistical analysis, we used the unpaired Stu-

dent’s t test, Chi-square test, and Wilcoxon rank-sum test. We defined statistical significance as P\ 0.05.

Results During the 7-year period, 496 trauma patients required chest drainage for traumatic HTX/HPTX: 307 by CTs

and 189 by PCs. PC patients were older (52 ± 21 vs. 42 ± 19, P\ 0.001), demonstrated a significantly higher

occurrence of blunt trauma (86 vs. 55%, P B 0.001), and had tubes placed in a non-emergent fashion (Day 1

[interquartile range (IQR) 1–3 days] for PC placement vs. Day 0 [IQR 0–1 days] for CT placement, P\ 0.001). All

primary outcomes of interest were similar, except that the initial drainage output for PCs was higher (425 mL [IQR

200–800 mL] vs. 300 mL [IQR 150–500], P\ 0.001). Findings for subgroup analysis among emergent and non-

emergent PC placement were also similar to CT placement.

Conclusion PCs had similar outcomes to CTs in terms of failure rate and tube insertion-related complications, and

the initial drainage output from PCs was not inferior to that of CTs. The usage of PCs was, however, selective. A

future multi-center study is needed to provide additional support and information for PC usage in traumatic HTX/

HPTX.

This study was presented as a Quickshot at the 30th annual meeting of

the Eastern Association of the Surgery of Trauma, January 10–15th,

2017, in Hollywood, Florida.
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Introduction

14-French (14F) pigtail catheters (PCs) are small-caliber

catheters placed percutaneously at the bedside, which is in

contrast to traditional large-caliber (32-40F) chest tubes

(CTs) placed by an open cut-down technique [1–3]. The

effectiveness of PC in the management of trauma patients

with pneumothorax [3] and hemothorax (HTX)/hemop-

neumothorax (HPTX) (4) has previously been published.

Nonetheless, its use remains controversial and its adoption

in some centers remains slow but continues to gradually

increase. Many clinicians still question, for instance,

whether blood in the chest cavity can be drained effectively

by such a small-caliber PC, and whether one always needs

a larger-caliber CT to drain the blood properly [5, 6].

Although there are a number of studies demonstrating the

effectiveness of PCs at draining pleural effusions [7, 8], it

is important to remember HTX/HPTX demonstrate a very

different physiology given the ability of blood to clot.

Current literature examining the effectiveness of PC usage

in traumatic HTX/HPTX compared to traditional CT usage

remains scare.

Specific benefits of a PC placed percutaneously with a

small skin incision include significantly less tissue trauma

and less pain at the insertion site [9]. Having previously

published our experiences with PC usage on a small sample

of patients with traumatic HTX/HPTX (4) and given that

other clinicians’ experiences with PC usage on such

patients are still limited, we wanted to continue to share our

experience with PC usage and see if PC placement remains

effective as our experience in their usage has increased.

The aim of our study was to analyze our cumulative

experience and outcomes with PC usage in patients with

traumatic HTX/HPTX. We hypothesize that PCs are just as

effective as CTs in terms of initial drainage output, inser-

tion-related complications, and failure rate.

Methods

Using our ongoing prospective PC database and our trauma

registry, we analyzed all trauma patients who required

chest drainage for traumatic HTX/HPTX from 2008 to

2014 at Banner-University of Arizona Medical Center, a

Level-I trauma center. The database was prospectively

maintained by one of the attending trauma surgeons (NK).

Analyzed data include demography, mechanism of injury,

injury severity score (ISS), chest abbreviated injury scale

score (c-AIS), indications for tube placement, day from the

arrival of the patient to tube insertion (‘‘Day 0’’ tube

insertion was defined as the insertion during initial evalu-

ation and resuscitation in trauma bay and any insertion

outside of that setting was considered ‘‘Day 1’’ or later),

initial drainage output, insertion-related complications,

number of tube days, mechanical ventilation use and ven-

tilation days, intensive care unit (ICU) length of stay

(LOS), hospital length of stay (HLOS), and mortality.

Primary outcomes of interest included initial drainage

output in milliliters (mL), insertion-related complications,

and failure rate. Failure rate was defined as incompletely

drained or retained HTX that required a second interven-

tion; for example, second PC or CT placement, interven-

tional radiology-guided drainage, intrapleural thrombol-

ysis, or video-assisted thoracoscopy (VATS). Our institu-

tion routinely favors the practice of early VATS within the

first week, typically on hospital day 3–5. The decision of

how to treat the retained HTX was left to the discretion of

the managing trauma surgeon based on daily clinical status,

daily chest X-ray (CXR) findings and a confirmatory

computed tomographic scan. Secondary outcomes of

interest included total ventilator and ICU days, HLOS, total

tube days, and mortality.

Both CTs and PCs were placed by the members of our

trauma team, which included the in-house trauma surgeon,

surgical residents/fellows and/or emergency medicine res-

idents under direct supervision and assistance of the in-

house trauma surgeon attending. Typically, the 14F PCs

(Cook Critical Care: Cook Incorporated, Bloomington, IN,

Fig. 1) were placed at the bedside in the trauma bay or

patient room by utilizing a modified Seldinger technique.

Most often, the insertion approach was via the lateral mid-

axillary line or anterolateral chest wall in the fourth or fifth

intercostal space. After the procedure, a CXR was always

obtained to confirm appropriate tube placement and

location.

Data were described as mean ± standard deviation

(SD), the median and 25th and 75th interquartile range

(IQR), or as a percentage. Categorical data were analyzed

by Chi-square test, nonparametric continuous data by a

Wilcoxon rank-sum test, and normally distributed contin-

uous data by an unpaired Student t test. Significance was

defined as P value\ 0.05. For our statistical analysis, we

used STATA14 (College Station, TX). The Institution

Review Board of the Banner-University of Arizona Med-

ical Center approved the study.

Results

During the study period, our use of PCs in patients with

traumatic HTX and HPTX increased significantly (Fig. 2,

P\ 0.001). Table 1 compares the generalized character-

istics and outcomes of PCs and traditional CTs for all

patients included in the study. Despite the similar or non-

inferior results in the primary outcomes of interest (i.e.,

initial drainage output, insertion-related complications, and
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failure rate), PCs were still placed selectively in older

trauma patients suffering blunt trauma and these tubes were

usually placed in a delayed, non-emergent situation, that is,

tube insertion day 1 (PC insertion at day 1 (IQR 1–3 days)

vs. CT insertion at day 0 (IQR 0–1 days), P\ 0.001).

As our comfort level and experience with PC usage

continued to increase over this time period, so too did the

use of PCs during emergent situations (see Table 2, non-

emergent vs. Table 3 emergent placement comparison).

Emergent placement (‘‘Day 0’’) is defined as placement of

the CT or PC in the trauma bay shortly after patient pre-

sentation from the initial traumatic injury. Non-emergent

placement (Greater than ‘‘Day 0’’) is defined as placement

of the chest drainage tube beyond the stay in the trauma

bay from the initial traumatic injury or the number of days

after the traumatic injury occurred if the patient had a

delayed presentation. As Table 3 demonstrates, initial

drainage output, insertion-related complications, and fail-

ure rates remained unaffected by the 14F PCs placed under

emergent situations. Table 4 provides a description of tube

insertion-related complications. The overall incidence was

similar between PCs and CTs.

Discussion

The aim of this study was to analyze and share our

cumulative experience and outcomes of PC usage in

patients with traumatic HTX/HPTX. After 7 years and

almost 200 patients, we found that in a selective subset of

our study patients, PCs were just as effective as traditional

CTs in terms of initial drainage output, insertion-related

complications, and failure rate. In fact, PCs demonstrated a

higher initial drainage output than CTs. Although there

continued to be a selection bias toward placing PCs in non-

emergent situations as well as older patients with blunt

trauma, enhanced level of experience and growing comfort

level allowed us to start using PCs in more emergent sit-

uations, including those patients presenting with penetrat-

ing trauma (N = 11, 9%, Table 3).

There is no other published series about PC usage in

patients with traumatic HTX/HPTX. We published our first

series 4 years ago, but that study contained only 36 patients

and our level of experience was limited [4]. Though Russo

et al. demonstrated the practicality of PC usage by using

the ex-vivo swine model, they also concluded that there

was no difference in the volume of blood drained by 14F

Fig. 1 14-French pigtail catheter kit and its placement
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Fig. 2 Increasing trend of pigtail catheter usage (P\ 0.001) in our

traumatic hemothorax and hemopneumothorax patients over the

study period
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PCs compared to 32F CTs [10]. This fact might as well be

supported by our similar incidence of VATS between our 2

groups, supporting the dictum that blood will drain through

a small-caliber tube but retained clot will not drain through

a larger-caliber tube.

We did experience insertion-related complications early

on in our learning curve, including PC placement for other

indications such as pneumothorax [3] and pleural effusion.

Over the past 3 years, however, we have experienced less

technical failure in terms of conversion to a cut-down,

traditional placement procedure (Table 4). We also expe-

rienced 2 additional major insertion-related complications

involving intra-hepatic and through-the-spleen placement

(Fig. 3). Fortunately, in both of these patients, the PCs

were withdrawn and patients were successfully managed

non-operatively without adverse sequela. These 2 major

Table 1 CT versus PC usage in HTX and HPTX patients—all patients enrolled in study

CT (n = 307) PC (n = 189) P

Age (yr), mean ± SD 42 ± 19 52 ± 21 \0.001

Gender (male), % 77% 76% 0.69

Blunt, % 55% 86% \0.001

ISS, median (IQR) 17 (10, 29) 16 (10, 26) 0.09

Chest AIS, median (IQR) 3 (3, 4) 3 (3, 3) 0.07

Day tube inserted, median (IQR) 0 (0, 1) 1 (1, 3) \0.001

Initial output (mL), median (IQR) 300 (150, 500) 425 (200, 800) <0.001

Tube days, median (IQR) 5 (4, 7) 4 (2, 6) \0.001

Insertion-related complications, n (%) 14 (5%) 17 (8.5%) 0.11

Failure rate, n (%) 73 (24%) 39 (21%) 0.39

VATS, n (%) 39 (13%) 7 (4%) \0.001

Ventilator day, median 0 (0, 3) 0 (0, 1) 0.01

ICU day, median 2 (0, 6) 1 (0, 5) 0.06

Hospital length of stay (day), median 8 (5, 14) 7 (4, 14) 0.47

Mortality, % 8% 3% 0.02

p\ 0.05 is considered statistical significance

AIS abbreviated injury scale, CT chest tube; PC pigtail, HTX hemothorax; HPTX hemopneumothorax; yr year; IQR interquartile range; ISS injury

severity scale; SD standard deviation; mL milliliter(S); VATS video-assisted thoracoscopy; ICU intensive care unit

Table 2 CT versus PC usage in HTX and HPTX patients—non-emergent tube placement (greater than ‘‘Day 0’’)

CT (n = 109) PC (n = 161) P

Age (yr), mean ± SD 46 ± 19 54 ± 21 0.002

Gender (male), % 83% 76% 0.18

Blunt, % 72% 91% \0.001

ISS, median (IQR) 16 (10, 27) 16 (10, 27) 0.82

Chest AIS, median (IQR) 3 (3, 4) 3 (3, 3) 0.55

Day tube inserted, median (IQR) 1 (1, 3) 1 (1, 3) 0.44

Initial output (mL), median (IQR) 350 (150, 530) 400 (200, 800) 0.08

Tube days, median (IQR) 5 (3, 7) 4 (2, 6) 0.002

Insertion-related complications, n (%) 2 (3%) 14 (9%) 0.05

Failure rate, n (%) 19 (18%) 27 (17%) 0.94

VATS, n (%) 11 (10%) 5 (3%) 0.02

Ventilator day, median 0 (0, 3) 0 (0, 1) 0.09

ICU day, median 3 (0, 8) 1 (0, 6) 0.03

Hospital length of stay (day), median 9 (6, 15) 8 (4, 14) 0.08

Mortality, % 7% 3% 0.10

p\ 0.05 is considered statistical significance

AIS abbreviated injury scale, CT chest tube; HPTX hemopneumothorax; HTX hemothorax; IQR interquartile range; ISS injury severity scale; PC

pigtail; SD standard deviation; mL milliliter(S); VATS video-assisted thoracoscopy; ICU intensive care unit; yr Year
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insertion-related complications serve as cautionary occur-

rence to highlight the possibility of a PC-related insertion

complication due to an inadvertent placement of the needle

that is either too low and/or too deep as it penetrates the

costophrenic angle space and unintentionally enters the

abdominal cavity, which can possibly injure the liver and

spleen. It is important to remember that with any proce-

dure, there is always the possibility for technical failures.

Although rare, placement of a CT (or PC for that matter)

into the abdominal cavity has been well described in cur-

rent literature [11]. It is thought that sometimes what is

identified as the fourth or fifth intercostal space may

actually be the sixth, seventh or even eighth intercostal

space [11]. It is important to keep in mind that the ribs

curve upward moving anterior to a more lateral position

and therefore entrance into the pleural space with either a

CT or PC needs to be adjusted accordingly. Furthermore,

patients suffering chest trauma will often splint or not take

deep breaths due to the pain. This can result in the

diaphragm elevating as high as the fourth intercostal space

and inadvertent placement of the CT or PC into the

abdominal cavity [11].

In general, the learning curve for the PC placement is

relatively quick as the procedure is considered relatively

simple compared to a chest tube. However, in an academic

environment with constant rotations of residents and fel-

lows, it took years of usage before we started seeing the

frequency of complications decreased. The insertion-re-

lated complication rate in the latter half of the study was

lower than the first half of the reporting period. Of note, 8

of the 17 PC reported insertion-related complications were

a conversion to CT when PC attempts failed. In essence,

these patients did not suffer from a complication per se as

patients only required the default cut-down, traditional

large-bore CT placement.

Despite its limitations, this study clearly demonstrates

favorable outcomes in PC usage in the care and manage-

ment of patients with traumatic HTX/HPTX. One

Table 3 CT versus PC usage in HTX & HPTX patients—emergent tube placement, ‘‘Day 0’’

CT (n = 198) PC (n = 28) P

Age (yr), mean ± SD 40 ± 18 37 ± 16 0.50

Gender (male), % 74% 75% 0.93

Blunt, % 46% 61% 0.15

ISS, median (IQR) 18.5 (11, 29) 16 (10, 25) 0.08

Chest AIS, median (IQR) 3 (3, 4) 3 (3, 3) 0.34

Initial output (mL), median (IQR) 250 (150, 500) 500 (300, 850) 0.008

Tube days, median (IQR) 5 (4, 7) 4 (3, 7.5) 0.34

Insertion-related complications, n (%) 12 (6%) 2 (7%) 0.82

Failure rate, n (%) 54 (27%) 11 (39%) 0.19

VATS, n (%) 28 (14%) 2 (7%) 0.31

Ventilator day, median 0 (0, 2) 0 (0, 1) 0.10

ICU day, median 2 (0, 5) 1 (0, 3) 0.16

Hospital length of stay (day), median 7 (4, 13) 5 (3, 12) 0.20

Mortality, % 8% 4% 0.36

p\ 0.05 is considered statistical significance

AIS abbreviated injury scale; CT chest tube; PC pigtail; HTX hemothorax; HPTX hemopneumothorax; yr year; IQR interquartile range; ISS injury

severity scale; SD standard deviation; mL milliliter(S); VATS video-assisted thoracoscopy; ICU intensive care unit

Table 4 Insertion-related complications

CTs (n = 14) PCs (n = 17)

Major: bleeding, required surgical control (n = 1) Bleeding, required surgical control (n = 1)

Intra-hepatic placement (n = 1) Right intra-hepatic placement (n = 1)

Placement through the spleen (n = 1)

Minor: tube malpositioned, second tube (n = 4) aTechnical Failure, converted to CT (n = 8)

Tube dislodged (n = 5 Malpositioned, second tube placed (n = 2)

Tube kinked, required replacement (n = 3) Tube dislodged (n = 4)

CTs chest tubes; PCs pigtail catheters
a 7 out of 8 failure occurred in 2010–2011 during early learning period
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limitation of this study is that it is a single institution series.

However, as pointed out by Dr. Kenji Inaba in the editorial

critique at the end of the Russo et al. study, ‘‘The highest

yield next step would be a prospective multi-center clinical

evaluation [10].’’ Additionally, despite the senior author’s

(NK) attempt to maintain the PC database prospectively, it

is still possible that the authors could have missed cap-

turing some other minor insertion-related complications. It

is generally well recognized that the incidence of tube

insertion-related complications is underreported, particu-

larly minor ones such as tube dislodgement and tube

malposition [2]. Lastly, allowing the managing trauma

surgeon the ability to choose between placement of a PC

versus a CT introduces bias into the study, especially

during those early years when PC was so new and there

was a learning curve. As evident from our data, this

resulted in PCs being placed in a more delayed fashion for

older patients suffering blunt trauma. As previously stated,

a multi-center, randomized, prospective trial should elim-

inate this bias. After analysis of our current data, however,

the trend toward non-inferiority of PC usage versus CT

usage remains promising in all settings.

Conclusion

The authors found that at our institution PC usage for

patients with traumatic HTX/HPTX had similar outcomes

to CT usage in terms of tube insertion-related complica-

tions and failure rate. Furthermore, PCs appeared to have

better initial drainage output when compared to CTs further

supporting their non-inferiority. Given our results, we

recommend placement of a 14Fr pigtail catheter over a

large-bore chest tube for traumatic HTX/HPTX; however,

we also recommend a future multi-center study be com-

pleted to help improve the experience regarding PC usage

and their overall effectiveness.
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