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ABSTRACT

Introduction: Large-bore chest tubes are usu-
ally applied after thoracic surgery. Recently,
small-bore tubes have been increasingly con-
sidered owing to the extensive use of video-as-
sisted thoracoscopic surgery (VATS). This study
assessed the differences in outcomes between
large-bore and small-caliber drainage tubes in
patients undergoing surgical stabilization of rib
fractures (SSRF) with VATS.

Methods: Overall, 131 patients undergoing
SSRF with VATS were prospectively enrolled,
including 65 patients receiving 32-Fr chest
tubes (group 1) and 66 patients receiving 14-Fr
pigtail catheters (group 2) for postoperative
drainage. The clinical characteristics and peri-
operative outcomes of the patients were
compared.
Results: All patients underwent SSRF with
VATS within 4 days after trauma. After the
operation, the mean duration of chest tubes was
longer than that of pigtail catheters, with sta-
tistical significance (5.08 ± 2.47 vs 3.11 ± 1.31,
P = 0.001). Length of stay (LOS) was also longer
in group 1 (10.38 ± 2.90 vs 8.18 ± 2.44,
P = 0.001). After multivariate logistic regres-
sion, the only independent factors between the
two groups were duration of postoperative
drainage (adjusted odds ratio [AOR] 1.746; 95%
confidence interval [CI] 0.171–10.583,
P = 0.001) and hospital LOS (AOR 1.272;
95% CI 0.109–4.888, P = 0.027).
Conclusion: After reconstruction of the chest
wall and lung parenchyma, small-caliber drai-
nage catheters could be easily and safely applied
to reduce hospital LOS.
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Key Summary Points

After reconstruction of the chest wall and
lung parenchyma through surgical
stabilization of rib fractures (SSRF) and
video-assisted thoracoscopic surgery
(VATS), small-caliber drainage catheters
could be easily and safely applied with
little cost to shorten hospital stay.

Pigtail catheters yielded superior outcomes
to chest tubes in patients undergoing SSRF
with VATS.

With negative low-pressure suction, small-
bore pigtail catheters exhibited drainage
performance similar to that of large-bore
chest tubes.

INTRODUCTION

Blunt chest trauma frequently causes injuries
such as hemothorax, pneumothorax, and rib
fractures [1]. Surgical fixation for rib fractures is
an effective and now routine procedure for
patients with unstable chest wall injuries [2, 3].
Following surgery, suitable drainage for elimi-
nating any residual hemothorax or pneumoth-
orax is required. Adequate drainage combined
with low-pressure suction is critical to main-
taining full expansion of the lung parenchyma
[4, 5].

Chest tubes are the most common tools used
to facilitate drainage after thoracic surgery
[6, 7]. Traditionally, large-bore chest tubes such
as 28-French (Fr) and 32-Fr tubes, with outer
diameters typically more than 1.0 cm (Fig. 1a),
have been considered effective owing to their
large size, which prevents obstruction of the
lumen. They are also easy to insert and cost-
effective. However, large-caliber tubes entail
large wounds, which can cause considerable
discomfort [6, 8]. Numerous complications
often occur with more chest tissue damage,
such as malposition, wound infection, and
increased risk of empyema [6, 9].

Recent advances in catheter design have
allowed the use of small-caliber drainage
catheters (pigtail catheter, COOK, Wayne
Pneumothorax Cather Set, USA); Fig. 1b) for
chest drainage [10, 11]. Several studies have
indicated that pigtail drainage could be suc-
cessfully applied in the treatment of pneu-
mothorax [12–14], but only a few studies have
focused on its use in hemothorax [10, 11]. The
use of pigtail catheters for drainage in patients
receiving video-assisted thoracoscopic surgery
(VATS) has yet to be reported. In this study, we
applied pigtail catheters for drainage in patients
receiving surgical stabilization of rib fractures
(SSRF) with VATS. We hypothesized that pigtail
catheters would perform similar drainage func-
tions as chest tubes, and furthermore, because
of their smaller caliber, pigtail catheters would
be better tolerated by patients than larger chest
tubes.

Fig. 1 Comparison of the a 32-Fr chest tube and b 14-Fr
Pigtail catheter; Fr = French
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METHODS

Patient Population

This prospective observational study was con-
ducted at Kaohsiung Veterans General Hospital,
a level 1 trauma center in southern Taiwan that
receives approximately 15,000 emergency
trauma visits per year. Patients aged 18 years and
older were enrolled from March 2018 to May
2021; the inclusion criterion was blunt chest
trauma as the major injury site. No patient had
bleeding tendencies or coagulation disorders
before the operation; none had anticoagulant
medication history. All patients had at least
three bicortical rib fractures combined with
hemothorax, pneumothorax, or lung contu-
sions. The abbreviated injury score (AIS) of the
chest ranged between 3 and 4. Some patients
underwent tube thoracostomy with 32-Fr chest

tubes during the first evaluation at the emer-
gency department (ED). The decision to insert a
chest tube was based on the emergency physi-
cian’s subjective judgment. Secondary evalua-
tion to identify associated injuries was also
performed at the ED. Patients were excluded if
their AISs for associated sites were higher than 2.
Patients were also excluded (1) if they had acute
respiratory failure within 24 h after trauma,
requiring positive pressure ventilator support
that may prolong admission; (2) if they had
hemodynamic instability indicating emergent
thoracotomy; and (3) if they had severe medical
disease or cancer of any stage. The algorithm of
patient selection is illustrated in Fig. 2.

This study was approved by the Institutional
Review Board of Kaohsiung Veterans General
Hospital (reference number VGHKS17-CT12-13)
and was conducted in accordance with the
Declaration of Helsinki, Ethical Guidelines for

Fig. 2 Algorithm of patient selection
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Medical and Health Research Involving Human
Subjects, and Taiwan’s laws and regulations. All
patients provided informed consent by com-
pleting an online consent form before they
could participate in the study.

Data Collection

Basic demographic data of all patients were
prospectively collected, including age, gender,
number of fractured ribs, pulmonary contusion
score, and trauma mechanism. The AIS of each
associated injury was also collected, and injury
severity scores (ISSs) were calculated. The dura-
tion of chest tube use, rates of infection, total
dose of analgesics, and hospital length of stay
(LOS) were also recorded. During follow-up
periods, any evidence of angle blunting detec-
ted on chest X-rays was also collected. This
radiologic finding was regarded as a mild
fibrothorax (Fig. 3).

Video-Assisted Thoracoscopic Surgery
and Surgical Fixation of Fractured Ribs

After detailed evaluations, patients were
admitted to the intensive care unit. Surgical

fixation was indicated for total displacement of
fractured ribs. In our hospital, VATS is per-
formed simultaneously with SSRF [15, 16], and
both procedures are arranged within days after
trauma. General anesthesia with single-lung
ventilation is also required during the opera-
tion. For SSRF, titanium plates with locking
screws (Rib Locking Plate, Aplus Biotechnology
Corporation Limited, Taiwan) were applied at
the outer surface of fractured ribs. Surgical
incisions were designed according to fracture
sites that were localized through VATS. These
fractured sites were approached using the chest
wall muscle-sparing method of Hasenboehler
[17]. After SSRF, evacuation of retained
hemothorax and repair of lung lacerations were
performed via VATS. Most patients did not need
decortication or lavage because we performed
the fixation within 5 days after trauma.

Postoperative Drainage

The chest tube inserted at ED was removed
during operation. All patients who underwent
VATS with SSRF received postoperative chest
drainage. Before January 2020, patients received
32-Fr plastics chest tubes with multiple drainage
fenestrations (Fig. 1) after SSRF; we designated
this cohort as group 1. After January 2020,
patients received 14-Fr pigtail drainage; we
designated this cohort as group 2. Both types of
drainage were connected to low-pressure suc-
tion (- 15 cmH2O) to reduce residual pleural
effusions. After the operation, endotracheal
tubes were immediately removed when patients
regained consciousness, and routine follow-up
chest X-rays were arranged. The criteria for
drainage tube removal were absence of air leaks,
fluid drainage of less than 100 mL per day, and
completely expanded lung. Residual pleural
effusions were estimated using chest X-rays and
sonography. Once the residual pleural collec-
tion was greater than 300 mL, this postoperative
complication was managed with secondary
VATS.

After discharge, patients were regularly fol-
lowed up at the outpatient clinic. Chest X-rays
were regularly obtained. The follow-up period
lasted at least 6 months after trauma.

Fig. 3 Costophrenic angle blunting (arrow) in chest X-ray
6 months after SSRF with VATS
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Statistical Analysis

We used a descriptive analysis for all variables to
determine frequencies and averages in each
group. Continuous variables are presented as
means (± standard deviation) and categorical
variables as frequencies. Chi-square and Fisher’s
exact tests were used in this study to assess
associations between categorical variables.
Analysis of variance was used to analyze varia-
tion in continuous variables. Multivariate
logistic regression was used to assess the asso-
ciated variables of postoperative drainage.
Logistic regression analysis with a running
entry model was applied to control con-
founders. Subsequently, all independent vari-
ables were entered into the multivariate logistic
regression analysis to detect the independent
variables of postoperative drainage methods.
The Hosmer–Lemeshow test was used to assess
goodness of fit for logistic regression models.
Significant associations between the indepen-
dent and dependent variables were assessed
using 95% confidence interval (CIs) and adjus-
ted odds ratios (AORs). P\0.05 was considered
as statistically significant. Data were analyzed
using SPSS 20.0. This study had a 99.7% power

to detect a significant difference in hospital LOS
between patients and controls (two-sided
equality, two-sample) by using a sample size of
131 patients (a = 5%; sampling ratio = 65/66).

RESULTS

A total of 131 patients who underwent SSRF
combined with VATS were included in this
study. Of these, 65 patients (group 1) received
32-Fr chest tubes, and 66 patients (group 2)
received 14-Fr pigtail catheters for postoperative
drainage. The basic demographic characteristics
of the two groups are presented in Table 1. The
mean age of the patients was 56 years. The sex
distribution of both groups was similar. The
mean of fractured ribs, percentage of flail chest,
and lung contusion scores were also similar
between both groups. Likewise, chest AISs and
ISSs did not differ significantly between the two
groups. However, the rate of tube thoracostomy
for hemothorax and pneumothorax at the ED
was higher in group 1 (38.5% vs 21.2%,
P = 0.031). Overall, both groups were satisfac-
torily matched and could be compared on the
basis of their similar characteristics.

Table 1 Comparison of basic demographics between groups

All patients
(n = 131)

Group 1 (chest tube)
(n = 65)

Group 2 (pigtail)
(n = 66)

P

Age (mean ± SD) 56.14 ± 13.69 54.98 ± 12.92 57.27 ± 14.42 0.340

Sex (male) 81 (61.8%) 22 (66.7%) 20 (66.7%) 0.171

Number of fractured ribs 5.13 ± 1.27 5.31 ± 1.40 4.95 ± 1.12 0.114

Flail chest 22 (16.8%) 11 (16.9%) 11 (16.7%) 0.969

Pulmonary contusion scores 3.59 ± 1.40 3.74 ± 1.46 3.44 ± 1.33 0.222

Tube thoracostomy at ED 39 (29.8%) 25 (38.5%) 14 (21.2%) 0.031

Thoracic AIS 3.05 ± 0.33 3.06 ± 0.43 3.03 ± 0.17 0.587

ISS 14.60 ± 3.93 14.85 ± 4.47 14.36 ± 3.35 0.486

Time from trauma to rib

fixation

3.65 ± 0.97 3.72 ± 0.86 3.58 ± 1.07 0.385

Number of rib fixations 3.92 ± 0.98 3.91 ± 1.09 3.92 ± 0.87 0.923

AIS abbreviated injury score, ISS injury severity score, SD standard deviation, ED emergency department
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The clinical outcomes of both groups are
outlined in Table 2. All patients underwent SSRF
with VATS within 4 days after trauma. Most
patients had their drainage tubes removed
within 5 days after SSRF. After the operation,
the mean duration of chest tubes in group 1 was
slightly but significantly longer than that of
pigtail catheters in group 2 (5.08 ± 2.47 vs
3.11 ± 1.31, P = 0.001). Hospital LOS was also
longer in group 1 (10.38 ± 2.90 vs 8.18 ± 2.44,
P = 0.001). Doses of analgesics for pain man-
agement in both groups were also equal
(55.09 ± 15.44 vs 57.06 ± 19.37, P = 0.522).
Discomfort at the drain tube site was slightly

higher in group 1 (1.28 ± 0.52 vs 1.08 ± 0.27,
P = 0.006).

Binary logistic regression was used to test the
associated factors; the results are displayed in
Table 3. After multivariate logistic regression,
the only independent factors between the two
groups were duration of postoperative drainage
(AOR 1.746; 95% CI 0.171–10.583, P = 0.001)
and hospital LOS (AOR 1.272; 95% CI
0.109–4.888, P = 0.027). These results indicate a
significant association between the type of
drain used after SSRF and LOS. Calibration of
the final model was assessed using the Hos-
mer–Lemeshow goodness of fit test. A P value of

Table 2 Comparison of clinical outcomes between groups

Chest tube
Group 1 (n = 65)

Pigtail
Group 2 (n = 66)

p Power (%)

Drain tube after operation (days) 5.08 ± 2.47 3.11 ± 1.31 0.001 100

Re-do VATS 4 (6.2%) 1 (1.5%) 0.166

Hospital LOS 10.38 ± 2.90 8.18 ± 2.44 0.001 99.7

Mild fibrothorax 13 (20%) 4 (6.1%) 0.018

Pain score of drain wound 1.28 ± 0.52 1.08 ± 0.27 0.006 78.7

LOS length of stay, VATS video-assist thoracoscopic surgery

Table 3 Binary logistic regression of the associations in patients

Explanatory variables Odds ratio 95% confidence interval P value

Sex 1.796 0.473–1.528 0.216

Age 0.992 0.018–0.210 0.647

Number of rib fractures 1.203 0.222–0.691 0.406

Flail chest 2.365 0.699–1.515 0.218

Preoperative chest drainage 2.323 0.530–2.530 0.112

Lung contusion score 0.850 0.226–0.518 0.472

ISS 0.920 0.076–1.212 0.271

Duration of postoperative drain 1.746 0.171–10.583 0.001

Hospital LOS 1.272 0.109–4.888 0.027

Pain score of drain site 2.668 0.598–2.694 0.101

Mild fibrothorax 0.327 0.785–2.025 0.155

LOS length of stay, ISS injury severity score
*P value is significant at the level of\ 0.05
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0.206 (v2 = 10.928) suggested that the model
was accurate.

Five patients (four in group 1 and one in
group 2) had residual pleural collection greater
than 300 mL, which required secondary VATS.
All cases of secondary VATS were performed
smoothly without complications. Despite a
higher percentage of secondary VATS in
group 1, no statistical significance was observed
(6.2% vs 1.5%, P = 0.166). Drains were removed
2 to 3 days postoperatively.

Patients were regularly followed at the out-
patient clinic for at least 6 months. Seventeen
patients had mild fibrothorax, with angle
blunting visible on chest X-rays, during the
follow-up period. Group 1 had a higher per-
centage of mild fibrothorax cases after SSRF,
with statistical significance (20% vs 6.1%,
P = 0.018). No case of mild fibrothorax influ-
enced the patient’s activities of daily living.

DISCUSSION

Residual pleural collection can compress lung
parenchyma, thereby precipitating clinical
infection [9, 18]. Therefore, adequate drainage
is critical to preventing fluid accumulation after
thoracic surgical procedures. Tube thoracos-
tomy combined with closed low-pressure suc-
tion is necessary during chest surgery, especially
for chest trauma, to prevent the collapse of lung
parenchyma [5]. Traditionally, large-bore chest
tubes have been used after chest surgery.
Because of their larger diameter, chest tubes
have been thought to provide better drainage
than pigtail catheters. However, large-bore
chest tubes may cause more pain or discomfort
because of larger wounds. In this study, we
observed that pigtail catheters produced better
outcomes than chest tubes in patients under-
going SSRF with VATS.

Recently, 14-Fr pigtail catheters have been
widely used for spontaneous pneumothorax
[12, 13]. The pigtail could also be used in chest
fluid collection, but its use for the drainage of
trauma-derived hemothorax remains contro-
versial [8, 11]. In this study, we applied pigtail
drainage after SSRF. We observed that with
negative low-pressure suction, small-bore

pigtail catheters could provide comparable
drainage ability as large-bore chest tubes.

Blunt chest trauma typically induces multi-
ple rib fractures accompanied by hemothorax
and pneumothorax. In line with the treatment
methods employed in our hospital, complete
management of both the chest wall and lung
parenchyma is vital to the management of
blunt chest trauma [19]. In our hospital, nearly
all fractured ribs are fixed, hemothorax is evac-
uated, and lung lacerations are repaired using
VATS. SSRF can reduce oozing from the bone
marrow, and lung repair can reduce micro-air
leakage from injured lung parenchyma. Toge-
ther, these procedures could reduce residual
hemothorax and pneumothorax. Because
residual pleural collection decreases after sur-
gery, small-caliber drainage could reduce the
pain and discomfort experienced from the tube
wound.

In this study, the duration of postoperative
drainage was much shorter in the pigtail group;
the main reason might have been the numerous
side holes that pigtail catheters have, despite
their small caliber. In our previous study, we
observed that traumatic hemothorax or pneu-
mothorax could be drained successfully using
14-Fr pigtail catheters instead of large-bore
chest tubes [20]. Pigtail drain tubes contain
more than 20 side holes, enabling a better cap-
illary effect than that of large-bore chest tubes.
Combined with negative pressure suction, pig-
tail catheters could provide excellent drainage
[10]. We observed that the postoperative dura-
tion was longer with chest tubes than with
pigtail catheters. As a result, the total LOS
comprising the entire period from admission to
discharge was also longer.

Residual pleural collection may induce lung
collapse which may cause pneumonia or
empyema in the short term after trauma or
surgery. In the long term, unresolved pleural
collection may evolve into fibrothorax [21].
Fibrothorax can reduce not only the elasticity of
the lungs but also chest wall expansion capac-
ity. These chronic complications can reduce
lung function, which may cause difficulty in
breathing. Activities of daily living may also be
affected. In this study, no patient had severe
fibrothorax after a follow-up of 6 months.
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However, some patients had mild fibrothorax
that appeared as lateral costophrenic angle
blunting on chest X-rays during the follow-up
period. Because pigtail catheters offer excellent
drainage and less irritation owing to their
smaller caliber, inflammation is reduced.
Group 2 had a much lower percentage of mild
fibrothorax than did group 1.

One of the main goals after SSRF is pain
reduction. In our previous study, SSRF dramat-
ically reduced pain [15, 16], and the analgesic
dose was significantly reduced compared with
patients who did not undergo SSRF. In this
study, because all patients underwent SSRF, the
analgesic dose was similar between both groups.
The only difference was pain at the drain tube
site. Discomfort at the drain wound site was
clearly higher in the chest tube group. This
means that despite SSRF reducing most pain in
all patients, tube size might still influence pain.
Pigtail catheters are much smaller than chest
tubes; therefore, they should cause less
discomfort.

This study has limitations. First, the number
of cases was small: only 131 patients were
enrolled. Multiple rib fractures are frequently
diagnosed, but less than one-third of patients
require SRF. Nevertheless, the demographic
characteristics of the two groups in this study
were not significantly different. This study,
however, had a 99.7% power to detect a signif-
icant difference in hospital LOS between the
two groups. The only difference was pleural
drainage before SSRF. Although group 1 had a
higher rate of tube thoracostomies at the ED,
binary logistic regression did not reveal any
statistical difference (AOR 2.323; 95% CI
0.530–2.530, P = 0.112). This indicates that the
choice of tube thoracostomy at the ED was not a
confounding factor between the two groups.
Second, the study protocol of the pigtail group
was prospective, but patient selection in the
chest tube group was based on retrospective
data collected from the trauma registry database
of our hospital. However, the variations
between both groups did not present significant
confounding or bias. All surgical procedures
were performed by the same team, and to avoid
surgical confounding bias, the same surgeons
made all decisions regarding SSRF. Third, pain

or discomfort was subjectively reported by
patients. To prevent subjective bias due to sin-
gle-blind data collection, we ensured nursing
staff rather than trauma surgeons recorded the
pain scores. In future studies, we intend to focus
on hemodynamically stable patients with trau-
matic hemopneumothorax. Direct VATS with
SSRF without initial chest tube insertion could
become the new strategy for managing chest
wall and lung parenchyma injuries.

CONCLUSION

After reconstruction of chest wall and lung
parenchyma through SSRF and VATS, small-
caliber drainage catheters could be easily and
safely applied with little cost to shorten lengths
of hospital stay.
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