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ABSTRACT

Background and Objective. Closed tube thoracostomy is one of the most common hospital procedures known for its 
effectivity and safety; however, complications may occur, leading to poor patient outcomes. To date, the burden of 
morbidity among patients who underwent closed tube thoracostomy in the Philippines remains unknown. Therefore, 
this study aims to determine the in-hospital morbidity rate among patients who underwent closed tube thoracostomy 
in a tertiary government hospital. 

Methods. This is a descriptive cross-sectional study of admitted patients who underwent closed tube thoracostomy 
at Bicol Medical Center from 2015 to 2020. Data were collected by reviewing medical charts. 

Results. A total of 376 patients were included in the study. Morbidity rate was 15.16% (95% CI: 11.69-19.19%), 
and majority were due to improper chest tube placement. Compared to those without complications, a higher 
proportion of patients with complications had pleural effusion and had chest tube failure (both p≤0.05). The 
median operative time was also significantly longer in patients with complications compared to those without 
complications (p=0.0012). Mortality was significantly lower in patients with complications than those without 
complications. Total and postoperative length of stay were significantly longer in patients with complications than 
those without complications (p<0.00001).

Conclusion. Complications after closed tube thoracostomy are common. Across all variables analyzed, only indication 
of chest tube insertion, operative time, and occurrence of chest tube failure were found to differ between patients 
with and without complications. Moreover, patients with complications had longer length of stay than those without. 
Reducing positional tube complications may help decrease in-hospital morbidity.
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INTRODUCTION

Closed tube thoracostomy (CTT) is one of the most 
common procedures performed in hospitals, especially among 
trauma patients.1,2 However, despite its effectivity and safety, 
several studies now emphasize the high complication rate 
associated with chest tube insertion and removal.3–5 Based 
on previously published international studies, 16-20% of 
CTT patients experience morbidity.5–7 This often leads to 
additional patient burden.7 CTT complications tend to 
increase patient hospitalization costs due to operative and/
or radiologic intervention.7–9 The limited evidence-based 
guidelines on chest tube management can potentially affect 
patient clinical outcomes. 
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Using the standardized format suggested by Aho et 
al., CTT complications can be classified into insertional, 
positional, removal, infectious/immunologic, and instructional/
educational/equipment.10 Using this classification, the authors 
established a standard definition, allowing comparability 
between studies. Positional complications are more common, 
especially among low-resource hospitals that are not using 
imaging techniques.7 Therefore, the difficulty in managing 
this complication requires early recognition and intervention.5 

CTT is still widely performed in low-resource hospitals 
such as Bicol Medical Center (BMC). The burden of CTT 
complications in the local setting remains unknown. In 
addition, only a few studies have been published using the 
standard format of classifying CTT complications.10 This 
study, therefore, aims to determine the in-hospital morbidity 
rate of CTT in a tertiary government hospital in the 
Philippines. The study also aims to compare the characteristics 
and outcomes of patients who developed and did not develop 
CTT-related complications.

MATERIALS AND METHODS

The researchers utilized a descriptive cross-sectional 
study design. All admitted patients, regardless of age, who 
underwent CTT at BMC from January 2015 to December 
2020 were included in this study. Both service and private 
patients that were admitted for at least 24 hours with any 
indication for initial chest tube insertion were included. 
Patients who had previous CTT, required bilateral CTT, 
underwent other thoracic procedures other than CTT during 
the same admission, and who had unsuccessful insertion were 
excluded.

At BMC, CTT is performed in the operating theatre 
by general surgical residents. Unstable patients, however, 
undergo chest tube insertion in the emergency room. Chest 
X-ray is obtained in most patients before CTT to confirm 
the diagnosis of thoracic pathology. When indicated, patients 
undergo CTT via a blunt dissection technique under local 
anesthesia.

The minimum sample size requirement was computed 
using OpenEpi. Setting the prevalence of CTT complication 
at 19%, a maximum tolerable error at 5%, and a 95% 
confidence level, a minimum of 236 CTT patients are 
required.5 However, to capture the data of all CTT patients, 
the researcher utilized a total enumeration technique wherein 
all eligible patients were included in the study.

The study was approved by the Bicol Regional Training 
and Teaching Hospital-Institutional Review Board (BRTTH-
IRB Protocol No. 2021-020). Since no direct patient contact 
was involved, informed consent was waived for this study. 
The following data were collected via a retrospective review 
of medical charts from September to December 2021. Age, 
sex, patient classification, comorbidities, injury type, time to 
CTT (i.e., number of hours from injury or referral to CTT), 
hemodynamic instability (i.e., at least one abnormality on vital 

signs: blood pressure, heart rate, respiratory rate, and oxygen 
saturation), the urgency of CTT, CTT setting, imaging 
technique during insertion, endotracheal intubation, chest 
tube indication, surgeon expertise, advanced training program, 
chest tube size, rib insertion interspace, use of suction, use of 
antibiotic prophylaxis, operative time, anesthesia type, chest 
tube duration, mechanical ventilation, re-intervention after 
chest tube failure (i.e., unexpanded lung), result of chest tube 
failure, respiratory therapy, mortality, total length of stay, 
and postoperative length of stay were recorded. Appendix A 
presents the operational definition of variables collected.

The type of in-hospital morbidity experienced by 
patients was assessed by two independent reviewers, and any 
discrepancy was resolved through discussion. Complications 
were classified based on Aho et al.'s standardized format for 
reporting complications.10 Only complications arising from 
the index CTT were analyzed. Complications resulting from 
re-CTT procedures were not included in the analysis.

Stata MP version 17 was used for data processing and 
analysis. Continuous variables were presented as median/
interquartile range (IQR) due to the non-normal distribution 
based on Shapiro-Wilk's test. Categorical variables were 
expressed as frequency and percentages. Mann-Whitney U 
test was used to compare continuous data. The Chi-square 
and Fisher's exact tests were used to analyze categorical data. 
P-values ≤0.05 were considered statistically significant.

RESULTS

A total of 425 patients underwent CTT at BMC 
from 2015 to 2020, of which 376 patients were eligible and 
were included in the analysis (Appendix C).. Fifty-seven 
(57) developed in-hospital morbidity. CTT morbidity 
prevalence was 15.16% (95% CI: 11.69-19.19%). Specific 
CTT complications are summarized in Table 1. Only five 
patients developed two simultaneous complications. The most 
common complication was positional (57.89%, Figure 1), 
wherein the chest tube was found to be kinked or obstructed 
(Table 1). 

Figure 1.  Classification of CTT complications (n=376).
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Table 2 presents the demographic and clinical profile 
of CTT patients. Comparative analysis by presence of 
complications was performed. The median age was 47 (range: 
1 to 86 years old), and most were between 18 and 60 years 
old. The majority were males and were admitted as service 
patients. The most common comorbidity was pulmonary 
tuberculosis, which affected 41% of patients. Injury types at 
the thoracic cavity were predominantly non-trauma related. 
Hemodynamic instability was recorded in only 13% of 
patients. Only 5% had endotracheal intubation at the time 
of CTT. More than half of the patients underwent CTT 
due to pneumothorax (51%), while 40% were due to pleural 
effusion.

There was no significant difference observed between 
patients with and without complications in terms of age, sex, 
patient classification, comorbidities, injury type, and prior 
endotracheal intubation. The indication for CTT placement 
was the only one found to be significantly different. 
Specifically, patients with complications had more incidence 

of pleural effusion than those without complications (67% 
vs. 35%, p<0.0001) Pneumothorax was less in patients with 
complications than those without complications (30% vs. 
55%, p<0.0001).

The intervention performed on patients with and without 
complications are compared in Table 3. The median time from 
injury/referral to CTT was 1.1 hours. More than half (55%) 
of the patients underwent CTT in the ER setting, and only 
3% underwent image-guided insertion using ultrasound. 
None of the patients underwent computed tomography 
(CT)-guided CTT. More than half (55%) of CTTs were 
performed by junior residents, and only 9% were performed 
by consultants. Fifty-nine percent (59%) of patients were 
inserted with a 32 Fr chest tube and 45% were placed in the 
5th mid-axillary line (MAL) while 37% were at the 6th MAL. 
Only a few (2%) patients underwent suction during drainage. 
One percent underwent antibiotic prophylaxis before chest 
tube insertion. Most patients underwent local anesthesia 
without sedation (79%). 

None of the patients received respiratory therapy after 
CTT. Only 240 patients had their chest tubes removed before 
discharge. These patients' median chest tube duration was 
9.1 days (range: 0.7-45.9 days). Chest tube failure, primarily 
due to unexpanded lungs, was recorded in 18% of patients. 
Among the 69 patients with chest tube failure, 36% were 
shifted to a modified Heimlich valve, 32% underwent another 
CTT, 17% had thoracoscopy, 7% had thoracotomy, and 7% 
received no additional procedure. 

Only operative time and chest tube failure were 
found to be significantly different by the presence of CTT 
complications. The median operative time of patients who 
developed complications was significantly higher than 
those who did not develop complications (p=0.0012). 
Furthermore, a higher proportion of patients who developed 
complications had chest tube failure than those who did not 
develop complications (70% vs. 9%, p<0.0001). 

Table 4 presents the clinical outcomes of CTT patients. 
Sixty-nine CTT patients died during hospital stay, with 
an incidence of 18% (95% CI: 14.57-22.64%). Among 
the patients who died, the median time from admission to 
death was 12 days [IQR: 5-22], while the median time from 
CTT to death was seven days [IQR: 1-14; Range: 0-37 
days]. Among survivors, the median total length of hospital 
stay was 16 days (range: 4-53 days), and the median post- 
operative length of stay was 14 days (range: 0-47 days). 

A significantly lower proportion of patients with 
complications died than those without complications 
(p=0.016). In addition, patients with complications had 
significantly longer total length of stay (p<0.00001) and 
postoperative stay (p<0.00001). 

DISCUSSION

In recent years, studies on CTT morbidity have been 
gaining popularity worldwide. However, to the best of the 

Table 1. Specific CTT Complications (n=376)
Complication n (%)

Insertional (n=0)
Intra-thoracic injury to structure w/in 24h 0
Extra-thoracic injury to structure w/in 24h 0
Others 0

Positional (n=33)
Intra-thoracic

Kinked/obstructed 33 (100)
Erosion into structures 24h after placement 0
Compression of structures 24h after placement 0

Extra-thoracic 0
Subcutaneous injury 0
Abdominal injury w/o organ injury 0
Abdominal organ erosion 24h after placement 0
Others 0

Removal (n=7)
Post-removal pneumothorax requiring intervention 1 (14)
Post-removal bleeding 1 (14)
Spontaneous dislodgment 5 (71)
Retained foreign object 0
Others 0

Infective/immunologic (n=13)
Minor site infection 0
Major empyema 13 (100)
Necrotizing fasciitis 0
Scalded skin syndrome 0
Pyoderma gangrenosum 0
Others 0

Instructional/educational/equipment (n=9)
Malfunction of equipment 0
Patient care education 0
Improper equipment setup 0
Improper securement not resulting in dislodgement 

requiring intervention
9

Others 0
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Table 2.  Demographic and Clinical Profile of Patients by Presence of Complication (N=376)

Characteristics All patients
(n=376), n (%)

With complication 
(n=57), n (%)

Without complication 
(n=319), n (%) P value

Age (in years), median 47 [IQR: 25-60] 40 [IQR: 23-55] 47 [IQR: 25-61] 0.1509
<18 years old 37 (10) 9 (16) 28 (9) 0.221
18 to 60 years old 242 (64) 36 (63) 206 (65)
>60 years old 97 (26) 12 (21) 85 (27)

Sex
Female 100 (27) 12 (21) 88 (28) 0.304
Male 276 (73) 45 (79) 231 (72)

Patient classification
Pay 24 (6) 3 (5) 21 (7) 1.000
Service 352 (94) 54 (95) 298 (93)

Comorbidities, %yes
Hypertension 42 (11) 4 (7) 38 (12) 0.280
Diabetes mellitus 18 (5) 3 (5) 15 (5) 0.743
Malignancy 26 (7) 6 (11) 20 (6) 0.256
Infection 1 (1) 0 1 (1) 1.000
Renal failure 5 (1) 1 (2) 4 (1) 0.563
Pulmonary Tuberculosis 154 (41) 28 (49) 126 (40) 0.174
COPD 37 (10) 4 (7) 33 (10) 0.437
Pneumonia 31 (8) 2 (4) 29 (9) 0.197
Others 33 (9) 5 (9) 28 (9) 0.999

Injury type
Non-trauma 256 (68) 42 (74) 214 (67) 0.229
Trauma, blunt 74 (20) 9 (16) 65 (20)
Trauma, penetrating 41 (11) 4 (7) 37 (12)
Trauma, both blunt and penetrating 5 (1) 2 (4) 3 (1)

Hemodynamic stability
Stable 328 (87) 48 (84) 280 (88) 0.458
Unstable 48 (13) 9 (16) 39 (12)

Endotracheal intubation
With 19 (5) 1 (2) 18 (6) 0.330
Without 357 (95) 56 (98) 301 (94)

Chest tube indication, %yes
Pneumothorax 192 (51) 17 (30) 175 (55) <0.0001*
Hemothorax 68 (18) 13 (23) 55 (17) 0.315
Pleural effusion 151 (40) 38 (67) 113 (35) <0.0001*
Pleurodesis 1 (1) 0 1 (1) 1.000
Postop care 1 (1) 0 1 (1) 1.000

Table 3. Management of Patients by Presence of Complication (n=376)
All patients

(n=376), n (%)
With complication 

(n=57), n (%)
Without complication 

(n=319), n (%) P value

Time to CTT (in hours), median 1.1 [IQR: 0.3-5.8] 2 [IQR: 0.3-12.3] 1 [IQR: 0.3-5.3] 0.2375
Urgency 

Elective 1 (0.3) 0 1 (1) 1.000
Emergency 375 (99.7) 57 (100) 318 (99)

CTT setting
ER 208 (55) 32 (56) 176 (55) 1.000
OR 164 (44) 25 (44) 139 (44)
ICU 4 (1) 0 4 (1)

Imaging technique—insertion
Yes, ultrasound 11 (3) 1 (2) 10 (3) 1.000
No 365 (97) 56 (98) 309 (97)
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Table 3. Management of Patients by Presence of Complication (n=376) (continued)
All patients

(n=376), n (%)
With complication 

(n=57), n (%)
Without complication 

(n=319), n (%) P value

Surgeon level of expertise
Consultant 34 (9) 6 (11) 28 (9) 0.318
Senior resident 136 (36) 25 (44) 111 (35)
Junior resident 206 (55) 26 (46) 180 (56)

Advanced training program
Yes 35 (9) 3 (5) 32 (10) 0.254
No 341 (91) 54 (95) 287 (90)

Chest tube size
14Fr 22 (6) 4 (7) 18 (6) 0.140
24Fr 31 (8) 2 (4) 29 (9)
28Fr 76 (20) 7 (12) 69 (22)
32Fr 222 (59) 42 (74) 180 (56)
36Fr 14 (4) 2 (4) 12 (4)
Others 11 (3) 0 11 (3)

Rib insertion space, %yes
5th AAL 18 (5) 1 (2) 17 (5) 0.762
6th AAL 24 (6) 3 (5) 21 (7)
5th MAL 170 (45) 29 (51) 141 (44)
6th MAL 139 (37) 23 (40) 116 (36)
7th MAL 19 (5) 1 (2) 18 (6)
8th MAL 4 (1) 0 4 (1)
6th PAL 2 (1) 0 2 (1)

Suction
Yes 6 (2) 0 6 (2) 0.597
No 370 (98) 57 (100) 313 (98)

Antibiotic prophylaxis
Yes 4 (1) 0 4 (1) 1.000
No 372 (99) 57 (100) 315 (99)

Operative time (in minutes), median 15 [IQR: 15-20] 20 [IQR:15-25] 15 [IQR: 15-20] 0.0012*
Anesthesia used

Local with sedation 76 (21) 9 (16) 67 (21) 0.433
Local without sedation 296 (79) 47 (82) 249 (78)
General 4 (1) 1 (2) 3 (1)

Respiratory therapy
Yes 0 0 0 -
No 376 (100) 57 (100) 319 (100)

Chest tube duration (in days), median [n=240] 9.1 [IQR: 5.2-14.7] 10.6 [IQR: 5-16.8] 9 [IQR: 5.2-14.7] 0.5028
Mechanical ventilation

Yes 7 (2) 1 (2) 6 (2) 1.000
No 369 (98) 56 (98) 313 (98)

Chest tube failure
Yes 69 (18) 40 (70) 29 (9) <0.0001*
No 307 (82) 17 (30) 290 (91)

Table 4. Clinical Outcomes by Presence of Complication (n=376)
All patients

(n=376), n (%)
With complication 

(n=57), n (%)
Without complication 

(n=319), n (%) P value

In-hospital mortality
Yes 69 (18) 4 (7) 65 (20) 0.016*
No 307 (82) 53 (93) 254 (80)

Total length of stay (in days) of survivors, median [n=307] 16 [IQR: 11-26] 24 [IQR: 17-33] 15 [IQR: 10-23] <0.00001*
Postop length of stay (in days) of survivors, median [n=307] 14 [IQR: 9-21] 20 [IQR: 13-29] 13 [IQR: 8-19] <0.00001*
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researcher's knowledge, this is the first study done in the 
Philippines that explores the burden of morbidity among 
patients who underwent CTT. Although the present study 
only included patients from one institution, the results may 
serve as baseline information for future local studies. 

Overall CTT morbidity in this study was 15.16%. This 
is close to the estimates of previous studies which utilized 
Aho et al. definition and classification of CTT morbidity 
ranging from 16-20%.5–7,9,10 Among those who developed 
CTT morbidity, 57.89% were classified as positional, wherein 
chest tubes were found to be kinked or obstructed. This 
finding was similar to a study done in South Africa where 
most complications were also classified as positional.7 A 
study done in Finland and the US also reported that most 
(69-97%) complications were positional.8,9 

The study by Sritharen et al. showed that insertional 
complications (38%) are the second leading cause of 
CTT morbidity.7 In contrast, the present study recorded 
no insertional complication among CTT patients. The 
composition of the patient population may explain the 
difference in rates. In the study by Sritharen et al., chest tube 
insertion was challenging probably due to a high proportion 
of blunt trauma patients.7 In contrast, the population in this 
study is primarily non-trauma patients. 

Although imaging techniques are widely available to 
minimize positional and insertional complications, in low-
resource settings like BMC, radiographic imaging is not 
routinely performed.5,11 Only 3% of patients in this study 
underwent ultrasound-guided CTT, and none utilized a 
CT scan. Positional-related morbidities require complex 
intervention and may result in worse patient outcomes if 
not addressed promptly. Therefore, early recognition of this 
complication is important. The lack of guidelines on image-
guided CTT should also be reviewed to prevent these types 
of complications. 

In this study, the second leading complication was 
infective, specifically empyema. This affected 13 of the 
376 CTT patients (3.46%) which was within the range 
reported by previous studies.4,7,12–15 Prophylactic antibiotic 
administration lowers the risk of empyema; however, only 
1% of patients in the study received this intervention. In a 
study by de Abreu et al., infections may also be reduced by 
performing the CTT in the OR.16 In this study, however, 55% 
of the procedures were performed in the emergency room.

This study observed that the indication for CTT was 
significantly different between patients with and without 
complications. A higher proportion of patients with 
complications underwent CTT due to pleural effusion 
compared to those without complications, similar to the 
findings of a published study.9 Pleural effusion is one of the 
leading causes of morbidity; similar to the result of this study. 
Unfortunately, published studies did not explore this finding; 
hence, no comparison can be made. Patients with prolonged 
operative time may have complex thoracic pathology, thus, 
increasing the likelihood of postoperative complications. 

Chest tube failure, defined as having unexpanded lung 
in this study, was also higher in patients who developed 
complications than those who did not develop complications. 
Given that most complications were positional, chest tubes 
were likely to be non-functional; hence, the possible reason 
why chest tube failure was higher in these patients. A similar 
result was observed in a study in Brazil wherein a higher 
proportion of patients with complications required chest tube 
re-insertion due to non-functioning drains.14

Overall in-hospital mortality was 18% close to that 
estimated by a study done in Brazil.14 Mortality was much 
lower in patients who developed complications than those 
who did not. This finding can be explained by the fact that 
mortality was defined as death due to any cause during their 
hospital stay, not just because of CTT. The current study design 
inhibits further assessment of CTT-related death since the 
researchers only rely on what was written in medical charts. 
Similar to previous studies, patients with complications had 
significantly increased length of hospital stay.9,15 

This study has several limitations. First, only one 
institution was included. The results may, therefore, have 
limited generalizability since the characteristics of the 
patients may be different compared to those admitted in other 
institutions, specifically, private hospitals. Second, BMC is 
a training institution, hence, general surgery residents-in-
training were primarily performing the CTT. The skill level of 
the trainee was not available and has not been accounted for 
during the review of the records. However, patient outcome 
could have been affected by the difference in skill level and 
experience. Third, only specific complications are provided 
in the medical charts. In order to minimize misclassification 
bias, two independent researchers determined the presence/
absence of complications as well as the category of 
classification. Fourth, the study mainly aims to assess the 
burden of CTT morbidity in the chosen study setting to 
serve as baseline data for future local studies. The descriptive 
design of this research was limited to the comparison of 
patient characteristics and outcomes; and examination of 
relationship of morbidity with other variables was not yet 
considered. Last, the data were collected via a retrospective 
review of medical charts. This limits the researcher from 
collecting more information about patient’s cause of death 
(i.e., whether related to CTT or not). In addition, the 
researchers can only assume the completeness and accuracy of 
the data from patient charts. Quality control was performed 
during data processing by performing consistency checks. 
The primary investigator verified inconsistent encoded data 
from the medical charts.

The large sample size and inclusion of all CTT patients 
for six years is one of the study's strengths. After an extensive 
literature search, all possible variables in the medical charts 
that may influence morbidity rates have been explored. The 
present research highlights that CTT morbidity is common 
in BMC, the chosen study setting. Therefore, interventions 
and strategies that are known to minimize positional 
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complications should be implemented to ensure better 
patient outcomes. The feasibility and cost-effectiveness of 
image-guided CTT in BMC should be explored. The CTT 
complications and outcomes of trauma versus non-trauma 
patients should be further examined by future researchers. The 
association of CTT morbidity with patient outcomes such 
as mortality and prolonged length of stay warrants further 
analysis. Moreover, predictors of mortality among CTT 
patients should also be explored. 

CONCLUSION

Complications after closed tube thoracostomy are 
common. Across all variables analyzed, only indication 
of chest tube insertion, operative time, and occurrence of 
chest tube failure were found to differ between patients 
with and without complications. Moreover, patients with 
complications had longer length of stay than those without. 
Reducing positional tube complications may help decrease 
in-hospital morbidity.
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Appendix A. Operational definition of variables

1. Morbidity type is the type of in-hospital morbidity 
experienced by patient as assessed by two independent 
reviewers. Classified based on the standardized format 
for reporting complications by Aho et al. (Appendix B).10 
Categorized as insertional, positional, removal, infective/
immunologic, instructional/educational/equipment.

2. Mortality is defined as patient death during hospital stay 
based on medical records. Categorized as yes or no.

3. Year variable refers to the year of patient admission from 
2015 to 2020.

4. Age variable is the patient age in years at the time of chest 
tube insertion based on medical records. Categorized as 
<18 years old, 18 to 60 years old, ≥60 years old.

5. Sex refers to the patient sex based on medical records. 
Categorized as male or female.

6. Patient classification refers to the admitting classification 
of patient. Categorized as pay or service.

7. Comorbidities refer to the presence of any of the following 
comorbidities at the time of CTT based on medical records: 
hypertension, diabetes mellitus, malignancy, infection, 
renal failure, COPD, COVID-19, others.

8. Injury type at the thoracic cavity based on medical records. 
Categorized as non-trauma, blunt trauma, penetrating 
trauma, both blunt and penetrating trauma.

9. Hemodynamic stability is the patient stability based on 
vital signs at the time of chest tube insertion: BP, RR, HR, 
and O2 saturation. Normal values for each parameter are: 
SBP: 90-140 mmHg, DBP: 60-90 mmHg, RR: 9-20 cpm, 
HR: 50-100 bpm, O2 saturation: 95-100%. Stable patients 
have normal values on all parameters above. Unstable 
patients have at least one abnormal value on any of 
the parameters.

10. ET intubation at the time of chest tube insertion. 
Categorized as yes or no.

11. CTT indication is the primary indication for CTT based 
on medical records. Categorized as pneumothorax 
(primary spontaneous, secondary spontaneous, acquired), 
hemothorax, pleural effusion: simple fluid, pleural effusion: 
empyema, pleural effusion: chylothorax, pleurodesis, 
postoperative care, others.

12. Time to CTT is the number of hours from injury/referral 
to CTT based on medical records. Computed from date/
time of CTT referral to date/time of chest tube insertion.

13. Urgency of CTT based on medical records. Categorized 
as elective or emergency.

14. CTT setting is the hospital location where CTT was 
performed. Categorized as emergency room, operating 
room, intensive care unit, others.

15. Imaging technique-insertion refers to the use of CT scan 
or ultrasound during insertion. Categorized as yes CT scan, 
yes ultrasound, no.

16. Surgeon level of expertise is the current level of expertise 
of the operating surgeon at the time of CTT based 
on medical records. Categorized as junior residents (PGY 
1-2), senior residents (PGY 3-5), and consultant.

17. Advanced training program demonstrates if the surgeon 
who performed CTT underwent ATLS/ TCVS/trauma 
training based on medical records. Categorized as yes 
or no.

18. Chest tube size successfully inserted to patient based on 
medical records.

19. Rib insertion interspace is where the chest tube was 
inserted based on medical records

20. Angle of insertion of the chest tube based on medical 
records.

21. Suction determines if the surgeon performed suction 
during CT drainage based on medical records. Categorized 
as yes or no.

22. Antibiotic prophylaxis determines if patient was given 
prophylaxis before chest tube insertion based on medical 
records. Categorized as yes or no.

23. Operative time is the number of minutes from start to 
end of CTT.

24. Anesthesia is the type of anesthesia used during CTT. 
Categorized as local with sedation, local without sedation, 
general, others. 

25. Timing of chest xray (CXR) is the number of hours from 
chest tube removal to chest radiograph based on medical 
records. Computed from date/time of CT insertion to 
date/time of chest xray.

26. Chest tube duration is the number of days from chest tube 
insertion to removal. Computed from date/time of chest 
tube insertion to date/time of chest tube removal.

27. Mechanical ventilation variable determines if the patient 
was in mechanical ventilation at the time of chest tube 
removal based on medical records. Categorized as yes 
or no.

28. Intervention after chest tube failure determines the type of 
surgical intervention/s performed after chest tube failure 
based on medical records. Categorized as thoracotomy, 
thoracostomy, re-CTT (i.e., tube reinsertion or insertion 
of second tube).

29. Respiratory therapy determines if patient underwent 
respiratory therapy after CTT. Categorized as yes (including 
number of sessions) or no.

30. Result of chest tube failure is categorized as retained 
hemothorax or loculated pleural effusion.

31. Total length of stay is the number of days from the time 
of admission to discharge or death. 

31. Postop length of stay is the number of days from the time of 
initial CTT to discharge or death. Computed from date/time 
of chest tube insertion to date/time of discharge or death.
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Appendix B. Definition of CTT morbidities by Aho et al.10

Table 2. Complications Related to Thoracostomy Placement
Complication category Examples of complication (references) Specific injuries documented

Insertional Intrathoracic
Injury to structure upon placement, within 24 h (7–52)
Immediate myocardial infarction (53, 54)
Immediate arrhythmia, within 24 h (55–58)

(n = 65)
Injury to all heart chambers and pulmonary structures, except trachea
Main pulmonary artery injury
Perforated esophagus
Cardiac tamponade
Tension pneumothorax after injury to lung parenchyma
Contralateral pneumothorax from tube thoracostomy crossing mediastinum
Contralateral hemothorax from chest tube
Immediate diaphragmatic paralysis
Perforation of abdominal organs, which have herniated through either diaphragmatic ruptures 

or previous diaphragmatic hernias
New diaphragmatic hernia
Horner syndrome from either traction on or trauma to the sympathetic chain
Systemic air embolism
Cerebral air embolism
Rupture of angiomatoid lesions
Atrial fibrillation from cardiac irritation
Bradycardia resulting in death due to vagal hematoma

Extrathoracica Injury to structure upon placement, within 24 h (52, 59-71) Abdominal placement
Extrathoracic subclavian arterial compression
Cerebral herniation due to negative pressure on cerebral spinal fluid leak after spinal trauma
Intercostal nerve laceration and compression
Intercostal arterial injury resulting in hemorrhage
Brachial plexus injury
Ulnar neuropathy
Rupture of breast implants leading to silicone thorax
Hepatic placement, both asymptomatic and leading to life-threatening hemorrhage 
Lacerated and ruptured inferior vena cava, right ventricle, and hepatic veinb

Positional Intrathoracic
Kinked/obstructed (72)
Erosion into structures >24 h after placement (73–97)
Compression of structures >24 h after placement (98, 99)
Arrhythmia without ischemia >24 h after placement

(n = 36)
Delayed erosion into right atrium
Late diaphragmatic paralysis
Tension pneumothorax due to kinking or obstruction
Horner syndrome after gradual contact and erosion into the sympathetic chain
Pulmonary artery arteriovenous fistula
Pulmonary artery pseudoaneurysm
Delayed pulmonary artery perforation
Aortic rupture from chest tube compression
Pressure necrosis of esophagus
Pressure necrosis of intrathoracic stomach
Esophageal compression with dysphagia
Bronchocutaneous fistula
Esophagopleural fistula
Chylothoraces from erosion into thoracic duct
Lymphocele
Contralateral diaphragmatic paralysis
Erosion into intrathoracic stomach from diaphragmatic hernia

Extrathoracic Subcutaneous injury (100, 101)
Abdominal injury without organ injury
Abdominal solid organ erosion into structures >24 h after placement
Abdominal hollow organ erosion into structures >24 h after placement
Retroperitoneal injury
Erosion into structures >24 h after placement (102–107)

Subcutaneous placement
Delayed erosion and migration of silicone from breast implant through thoracostomy tract
Intercostal arteriovenous fistula
Scapular winging due to pressure on long thoracic nerve
Epigastric artery pseudoaneurysm
Injury and erosion into spinal canal with spinal air

Removal
Postremoval pneumothorax
Postremoval bleeding
Spontaneous dislodgement
Retained foreign object (108)
Spontaneous retraction (109)
Subcutaneous emphysema (110–114)
Pulmonary tissue herniation (115–118)

(n = 11)
Pulmonary tissue herniation
Subcutaneous emphysema resulting in acute scrotum
Subcutaneous emphysema resulting in vertebral artery dissection
Subcutaneous emphysema resulting in abdominal compartment syndrome
Upper airway obstruction from subcutaneous emphysema
Retained portion of chest tube
Spontaneous retraction of thoracostomy tube into thoracic cavity

Infective and immunologic
Minor 
Major

Site infection (119) 
Empyema (120)
Necrotizing fasciitis (121–124)
Scalded skin syndrome

(n = 7)
Site infection
Empyema
Scalded skin syndrome
Empyema from Clostridium difficile
Necrotizing fasciitis of chest wall

Immunologic Pyoderma gangrenosum (125) Pyoderma gangrenosum of thoracic wall

Instructional/educational/
equipment

Malfunction of equipment
Patient care education (126)
Improper equipment setup (127-129)
Improper securement not resulting indislodgement, requiring 

intervention (130)

(n = 5)

Not correctly connecting thoracostomy to atrium
Suture chest tube to thoracic wall
Improper set up of Heimlich valve
Reversal of Heimlich valve by patient
Incorrectly dressing thoracostomy site

a Cases of splenic laceration or colonic injury outside of the thorax have been reported in case series, but not in case reports found during the literature review described in this study
b Case met multiple groups of our criteria
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Appendix C. Study flow diagram.

Patients who underwent CTT at 
BMC from 2015 to 2020 (n=425)

Eligible patients included in 
the analysis (n=376)

Excluded (n=49)
• Previous CTT
• Required bilateral CTT
• Underwent other thoracic procedures 

during the same admission
• Unsuccessful insertion
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