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Abstract
Background  The need for chest X-rays (CXR) following large-bore chest tube removal has been questioned; however, the 
utility of CXRs following removal of small-bore pigtail chest tubes is unknown. We hypothesized that CXRs obtained fol-
lowing removal of pigtail chest tubes would not change management.
Methods  Patients < 18 years old with pigtail chest tubes placed 2014–2019 at a tertiary children’s hospital were reviewed. 
Exclusion criteria were age < 1 month, death or transfer with a chest tube in place, or pigtail chest tube replacement by large-
bore chest tube. The primary outcome was chest tube reinsertion.
Results  111 patients underwent 123 pigtail chest tube insertions; 12 patients had bilateral chest tubes. The median age was 
5.8 years old. Indications were pneumothorax (n = 53), pleural effusion (n = 54), chylothorax (n = 6), empyema (n = 5), and 
hemothorax (n = 3). Post-pull CXRs were obtained in 121/123 cases (98.4%). The two children without post-pull CXRs 
did not require chest tube reinsertion. Two patients required chest tube reinsertion (1.6%), both for re-accumulation of their 
chylothorax.
Conclusions  Post-pull chest X-rays are done nearly universally following pigtail chest tube removal but rarely change man-
agement. Providers should obtain post-pull imaging based on symptoms and underlying diagnosis, with higher suspicion 
for recurrence in children with chylothorax.
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Introduction

Pediatric patients undergo tube thoracostomy for a variety of 
reasons, including traumatic or spontaneous pneumothorax, 
hemothorax, pleural effusion or empyema, and following 
thoracic surgical procedures [1]. Although practice patterns 
vary by institution, patients routinely have chest X-rays 
(CXRs) obtained after the removal of the chest tube [2], 
generally to evaluate for pneumothorax. However, there is 
mounting evidence that a small pneumothorax in an asymp-
tomatic patient does not always require chest tube reinsertion 

[3], and that imaging findings from post-pull CXRs rarely 
change patient management [4, 5]. The majority of these 
studies have been conducted on patients who have under-
gone large-bore thoracostomy tube placement.

Pigtail chest tubes are smaller bore (8.5–14 Fr) and are 
inserted via Seldinger technique, with only a small skin inci-
sion necessary. They are being used increasingly in pediatric 
patients with pathologies including pleural effusion [6] and 
pneumothorax [7]. Only one study has evaluated the utility 
of post-pull CXRs in pigtail chest tubes as part of a larger 
cohort of all pediatric chest tubes, finding only one patient 
with a pigtail chest tube in whom the post-pull CXR changed 
management [5]. This study only included 29 patients with 
pigtail chest tubes, and thus a larger cohort is needed to 
assess the utility of the post-pull CXR in this population. 
Additionally, despite mounting evidence that post-pull 
CXRs are not clinically useful in many cases, they continue 
to be performed on a routine basis [5].

We hypothesized that CXRs obtained routinely following 
the removal of a pigtail chest tube in pediatric patients would 
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rarely change patient management. Our primary outcome was 
chest tube reinsertion following the removal of a pigtail chest 
tube. Secondary outcomes included chest tube complications.

Methods

Study design

All patients less than 18 years old who underwent placement 
of any chest tube between January 1, 2014 and July 1, 2019 at 
a tertiary children’s hospital were identified in the electronic 
medical record using CPT codes, ICD codes, and by query-
ing nursing flowsheets for thoracostomy tubes. Individual 
chart review was performed to identify patients who had a 
pigtail chest tube placed. Patients were not included if they 
underwent large-bore surgical tube thoracostomy or had other 
pleural drainage devices placed, such as Blake drains placed 
intraoperatively. Exclusion criteria included age < 1 month at 
the time of thoracostomy, death or transfer out of the hospital 
with a chest tube in place, or planned replacement of the pig-
tail chest tube with a large-bore thoracostomy tube. Data col-
lected included: demographic information, indication for chest 
tube, chest tube size, laterality, hospital location of placement, 
role of person placing the chest tube, complications, CXR find-
ings after removal of a pigtail chest tube (post-pull CXR), and 
unplanned chest tube re-insertions. Chest tube complications 
were defined as kinking or clogging of the pigtail chest tube, 
malpositioning, and failure to resolve the underlying reason 
for insertion (for example, failure to resolve a pleural effusion 
or pneumothorax). Post-pull CXR results were categorized as 
stable or worse. Stable was defined as improved, no pneumo-
thorax/effusion, or trace pneumothorax or pleural effusion, or 
unchanged from previous CXR. Worse was defined as larger 
pneumothorax or pleural effusion. Institutional Review Board 
approval was obtained for this study (IRB# 935667) with a 
waiver of consent.

Statistical analysis

Descriptive analysis was performed by calculating median 
and interquartile ranges (IQR) for continuous non-paramet-
ric data. Categorical data are presented as number and per-
centage. Comparisons of categorical data were performed 
using Fisher’s exact test with significance set at p < 0.05. 
Analysis was conducted using statistical software (GraphPad 
Prism, version 8).

Results

Overall results

There were 111 patients who underwent pigtail chest tube 
placement between 2014 and 2019. Of these, 12 patients had 
bilateral pigtail chest tubes, for a total of 123 chest tubes. 
The median age was 5.8 years old (IQR 2.0–13.4), and 51% 
were female. The median length of stay (LOS) was 11.7 days 
(IQR 5.7–31.7).

Pigtail chest tube placement details

The most common indication for chest tube placement was 
pleural effusion (n = 56, 45.5%), followed by pneumothorax 
(n = 53, 43.1%), chylothorax (n = 6, 4.9%), empyema (n = 5, 
4.1%) and hemothorax (n = 3, 2.3%). The different etiologies 
of pneumothorax were traumatic (n = 22 patients), spontane-
ous (n = 12), post-operative (n = 9), barotrauma (n = 7), iat-
rogenic during central venous access (n = 2), and necrotizing 
pneumonia (n = 1). The majority were inserted by a pediatric 
intensivist (n = 43, 35%), followed by pediatric surgery and 
trauma surgery (n = 18, 14.6% each), and pediatric cardio-
thoracic surgery and interventional radiology (IR) (n = 16, 
13% each). The remainder (n = 12) were inserted by provid-
ers in the emergency department (n = 3), neonatal intensive 
care unit (n = 2), adult cardiothoracic surgery (n = 1), or at 
an outside hospital (n = 4). In two cases this information was 
not reported. Pigtail chest tubes were most commonly placed 
in the pediatric intensive care unit (50.4%) followed by IR 
(13%), the operating room, and the emergency department 
(12.2% each). The remainder (n = 15) were placed on the 
pediatric ward (n = 4), the surgical intensive care unit (n = 2), 
and the neonatal intensive care unit (n = 2). In seven cases, 
the hospital location of pigtail chest tube placement was not 
reported. The majority were placed by attending physicians 
(47%) followed by residents (28%), with 8% inserted by fel-
lows and 6% inserted by nurse practitioners. The role of the 
inserter was not provided in 14 cases.

There were similar numbers of left and right chest 
tubes (45% left, 54% right) in patients with unilateral chest 
tubes. The size of the pigtail chest tubes ranged from 5 to 
16 French, with 8.5 French being the most common size 
(52%). The median chest tube duration was 4.1 days (IQR 
2.8–7.5) with one patient having their chest tube in place for 
68 days for pleural effusion. Pre-removal chest tube clamp 
trials were reported in 17/123 cases (13.8%), ranging from 
30 min to 5 days in one patient with a complicated history 
of recurrent pleural effusions, and a total pigtail chest tube 
duration of 68 days.
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Post‑pull CXRs

Post-pull CXRs were done in 121/123 cases (98.4%). These 
were categorized based on the radiology report as stable 
(n = 112) or worse (n = 9). Of the 17 patients who underwent 
a clamp trial prior to chest tube removal, all post-pull CXRs 
were reported to be stable. There were 2 chest tube reinser-
tions, both in children with chylothorax: one had a stable 
post-pull CXR but the chylothorax reaccumulated over the 
following four days resulting in chest tube re-insertion. The 
other patient had a worse post-pull CXR reading and had a 
chest tube reinserted 2 days later for continued re-accumu-
lation of the chylothorax. Thus, no children had immediate 
interventions as a result of the post-pull CXR alone.

Only two patients did not have a post-pull CXR per-
formed. Both of the patients without post-pull CXRs were 
observed for 4 h following chest tube removal and discharged 
home. One patient with apical blebs had a scheduled fol-
low-up CXR the next week prior to planned video-assisted 
thoracoscopic surgery (VATS) with blebectomy. The CXR 
revealed a moderate pneumothorax, but the patient was 
asymptomatic and was readmitted for his scheduled VATS 
as planned; the chest tube was not reinserted prior to surgery.

Complications

There were 10 pigtail chest tube-related complications 
(8.1%). Four tubes were found to be kinked, of which 1 
required manipulation at the bedside; all of these tubes 
were 8.5 Fr. Two were accidentally pulled back, with 1 
outside the thoracic cavity, however, tube replacement was 
not needed. Two clogged, with one requiring thrombolytic 
therapy (8.5 Fr) and one requiring tube replacement (5 Fr). 
Two chest tubes had to be removed and replaced due to 
failure to resolve the underlying pleural effusion (14 Fr) or 
pneumothorax (8.5 Fr). When analyzed by the size of chest 
tube, 11.0% of pigtail chest tubes sized 8.5 Fr or smaller had 
a complication compared to only one complication among 
patients with a pigtail chest tube larger than 8.5 Fr (3.1%, 
p = 0.3).

There were 13 ED visits within 30 days (11.8%) and 11 
readmissions (10%). One patient was readmitted 12 days 
after discharge with shortness of breath and was found to 
have underlying mediastinal lymphoma and associated pleu-
ral effusion, which required pigtail chest tube replacement 
15 days after the prior tube has been removed. The other ED 
visits and readmissions were for reasons unrelated to the 
removal of the pigtail chest tube. One patient died before 
discharge after being transitioned to comfort care for anoxic 
brain injury, over a month after the pigtail chest tube was 
removed.

Discussion

In this study, the largest study of pediatric patients under-
going pigtail chest tube placement to date to the best of our 
knowledge in the English literature, we found that post-
pull CXRs are obtained in almost all children, however 
these images very rarely change patient management, and 
none resulted in immediate intervention. Reinsertion of 
the chest tube was only required in two cases, both more 
than 24 h after removal of the chest tube for worsening 
fluid accumulation in the chest. Even in these two cases, 
therefore, it was not the initial CXR, but subsequent 
follow-up CXRs which prompted an intervention. Both 
of these children had chylothorax. Only two patients did 
not have post-pull CXRs and neither required chest tube 
replacement. Complications such as kinking or clogging 
of chest tubes were more common in smaller bore (8.5 Fr 
or smaller) pigtail chest tubes.

Pigtail chest tubes have been found to be an effective 
treatment in pediatric parapneumonic effusion [6], empy-
ema [8], and pneumothorax [7, 9, 10]. There is data suggest-
ing 14 Fr pigtail chest tubes are not inferior to larger bore 
(28–40 Fr) chest tubes in adult patients with hemothorax and 
in animal models [11–13]. In our cohort, there were more 
complications observed in patients with 8.5 Fr or smaller 
pigtail chest tubes, however the overall complication rate 
was very low at 8.1%.

Pigtail chest tubes are a smaller bore and patients report 
less pain at the insertion site when compared to large-bore 
chest tubes [14]. During removal of large-bore chest tubes, 
it is possible for air to enter the thoracic cavity and cause a 
pneumothorax which may be evident on the post-pull CXR. 
However, multiple studies of large-bore chest tubes have 
examined the utility of post-pull CXRs in both pediatric [4, 
5, 15–17], and adult patients [3, 18–20] and found that post-
pull CXRs only rarely change patient management, and in 
most cases, additional interventions are predicted by clinical 
symptoms and signs. Post-pull CXRs in neonates, who are 
less able to express symptoms such as shortness of breath, 
have also been found to have low utility, and rarely predict 
the need for chest tube reinsertion [21]. Similar results have 
been seen in studies of mechanically ventilated patients [22].

As pigtail chest tubes are inserted via Seldinger tech-
nique, there is a smaller incision just in the skin on the chest 
wall, and a theoretically lower risk of air entrapment at the 
time of chest tube removal. In a previous smaller study of 
post-pull CXRs, pigtail chest tubes had only 3.4% replace-
ment rate compared to 6% for large-bore chest tubes [5]. 
The current study is the largest reported cohort of pediatric 
patients with pigtail chest tubes placed, and our results con-
firm those of previous studies of patients with large-bore 
chest tubes: both recurrence of the underlying pathology 
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and chest tube reinsertion are rare events. Post-pull CXRs 
for pediatric patients with pigtail chest tubes have a very low 
utility for most patients. The only two patients who required 
chest tube reinsertion in our study both had chylothorax, 
and post-pull CXRs may be warranted in this population; 
however, neither patient required any immediate interven-
tion. It is of note that our study only included six patients 
with chylothorax so larger studies of that population are 
needed. Additionally, the utility of chest tube clamp trials 
prior to removal for pigtail catheters is currently unknown 
and requires further study.

Limitations

This study has several limitations. It is a retrospective 
chart review of a single institution, and results may differ 
at other institutions. Some patients who had pigtail chest 
tubes placed may have been missed due to coding inaccura-
cies. The majority of patients had pneumothorax or pleu-
ral effusion, with low rates of empyema, hemothorax, and 
chylothorax, so our results may not be generalizable to all 
patients with these conditions. We did not evaluate neonates, 
who represent a different population with differing physiol-
ogy and underlying pathology and our results should not be 
applied to this population without further study.

Conclusion

Post-pull CXRs are done on almost every pediatric patient 
following removal of a pigtail chest tube, but the findings 
rarely result in a change in management. Reinsertion of 
the chest tube is rare, occurring in only 1.6% of cases, and 
no patient underwent immediate intervention based on the 
result of the post-pull CXR. Imaging following chest tube 
removal may not be necessary in the majority of patients in 
the absence of clinical indications; however, patients with 
chylothorax had a higher rate of chest tube reinsertion and 
warrant a lower threshold for obtaining follow up imaging.
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