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BACKGROUND: The natural history and optimal management of retained hemothorax (RH) after chest tube placement is unknown. The intent of
our study was to determine practice patterns used and identify independent predictors of the need for thoracotomy.

METHODS: An American Association for the Surgery of Trauma multicenter prospective observational trial was conducted, enrolling patients
with placement of chest tube within 24 hours of trauma admission and RH on subsequent computed tomography of the chest.
Demographics, interventions, and outcomes were analyzed. Logistic regression analysis was used to identify the independent
predictors of successful intervention for each of the management choices chosen and complications.

RESULTS: RH was identified in 328 patients from 20 centers. Video-assisted thoracoscopy (VATS) was the most commonly used initial
procedure in 33.5%, but 26.5% required two and 5.4% required three procedures to clear RH or subsequent empyema.
Thoracotomy was ultimately required in 20.4%. The strongest independent predictor of successful observation was estimated
volume of RH �300 cc (odds ratio [OR], 3.7 [2.0–7.0]; p � 0.001). Independent predictors of successful VATS as definitive
treatment were absence of an associated diaphragm injury (OR, 4.7 [1.6–13.7]; p � 0.005), use of periprocedural antibiotics for
thoracostomy placement (OR, 3.3 [1.2–9.0]; p � 0.023), and volume of RH �900 cc (OR, 3.9 [1.4–13.2]; p � 0.03). No
relationship between timing of VATS and success rate was identified. Independent predictors of the need for thoracotomy included
diaphragm injury (OR, 4.9 [2.4–9.9]; p � 0.001), RH �900 cc (OR, 3.2 [1.4–7.5]; p � 0.007), and failure to give periprocedural
antibiotics for initial chest tube placement (OR 2.3 [1.2–4.6]; p � 0.015). The overall empyema and pneumonia rates for RH
patients were 26.8% and 19.5%, respectively.

CONCLUSION: RH in trauma is associated with high rates of empyema and pneumonia. VATS can be performed with high success rates, although
optimal timing is unknown. Approximately, 25% of patients require at least two procedures to effectively clear RH or subsequent
pleural space infections and 20.4% require thoracotomy. (J Trauma. 2012;72: 11–24. Copyright © 2012 by Lippincott Williams
& Wilkins)

LEVEL OF
EVIDENCE: II, prospective comparative study.
KEY WORDS: Hemothorax; trauma; thoracostomy; thoracotomy; empyema.

The true incidence of posttraumatic retained hemothorax
(RH) is unknown, but this sequela of thoracic injury is not

uncommon. Previously reported to be an independent risk
factor for the development of empyema and subsequent
adverse outcomes,1 the recognition and treatment of posttrau-
matic RH remains a significant problem in trauma care.
Although it has been demonstrated that computed tomog-
raphy (CT) of the chest is superior to plain radiography in
the diagnosis of RH,2 the optimal management after diag-
nosis remains a matter of debate. The purpose of this study
was to determine the current practices and the factors
influencing the successful utilization of used interven-
tions in the management of posttraumatic RH and to
identify independent predictors of the need for thoracot-
omy in this setting.

MATERIALS AND METHODS
This was a prospective, observational, multicenter

study conducted under the sponsorship of the American
Association for the Surgery of Trauma. The study protocol
was approved by the American Association for the Surgery of
Trauma Multi-Institution Trials Committee and each partici-
pating center obtained approval from its institutional review
board. Patients with posttraumatic RH over a period of 2
years from 2009 through 2011 were included. Inclusion
criteria were placement of a thoracostomy tube within 24
hours of admission for the evacuation of pneumothorax or
hemothorax and subsequent CT scan of the chest showing RH
after the initial placement of thoracostomy tube. Patients
undergoing thoracotomy before placement of tube thoracos-
tomy were not enrolled in the study.

Patients with suspected RH underwent a CT scan after
thoracostomy tube placement. RH was defined as a hetero-

geneous fluid collection with Houndsfield unit readings on
CT scan of 35 to 70 and evidence of pleural thickening. The
size of the RH was estimated by the CT scan using the
method previously validated for estimation of pleural effu-
sions by Mergo et al.3 (estimate � V (in cc) � d2 � X � L,
where d is the greatest depth of hemothorax from the chest
wall to lung on any CT image, in centimeters; and L �
craniocaudal length in centimeters multiplied by the number
of slices X cm thickness of CT cuts). RH was then catego-
rized according to this CT scan estimate into one of three
categories (small, �300 cc; moderate, 301–900 cc; and large,
�900 cc). Patients were managed according to surgeon’s
discretion with observation, additional thoracostomy tube
placement or image-guided percutaneous drainage (IGPD),
intrapleural thrombolysis, video-assisted thoracoscopy
(VATS), and thoracotomy. A computerized spreadsheet
(Microsoft Excel 2003; Microsoft Corporation, Redmond,
WA) was generated for this study and included the fol-
lowing variables: age, gender, mechanism of injury, hos-
pital day (HD) of initial thoracostomy tube placement, size
of thoracostomy tube, laterality of thoracostomy, use of
antibiotics, indication for the initial thoracostomy tube
placement, volume of RH, diaphragm injury, rib fractures,
Injury Severity Score (ISS), and Abbreviated Injury Scale
of the chest and abdomen.

HD of the therapeutic interventions, complications, and
hospital course (length of stay in hospital and intensive care
unit [ICU]) were reported from each site. In addition, com-
plications including pneumonia and empyema were recorded.
For the purpose of our study, empyema was defined by the
presence of purulent pleural fluid, pleural fluid below pH
below 7.2 with signs of infection or proven bacterial contam-
ination of the pleural space on Gram’s stain or culture. For

DuBose et al.
J Trauma

Volume 72, Number 1

© 2012 Lippincott Williams & Wilkins12



the purpose of standardization in our study, pneumonia was
defined as follows: (1) purulent sputum, (2) associated evi-
dence of infection (white blood cells �11,000 or �4,000 or
fever �100.4 degrees Farenheit), (3) two or more serial chest
radiographs with new or progressive and persistent infiltrate,
consolidation or cavitation, and (4) bronchoalveolar lavage or
sterile endotracheal specimen with limited number of epithe-
lial cells, at least 2 to 3� white blood cells and dominant
organisms identified on Gram’s stain or culture.

Each participating center collected the above data
elements on a standardized data collection form, which
was faxed or emailed to the principal investigator on
completion of data collection. Data were analyzed using
the statistical package SPSS for Windows, Version 12.0
(SPSS, Chicago, IL).

Statistical Analysis
The primary objective of the study was to identify the

independent predictors of the need for thoracotomy to evac-
uate RH. Secondary outcomes included the identification of
independent predictors for successful utilization of various
less invasive management approaches in the treatment of
posttraumatic RH. Correlation between CT scan estimation of
RH volume and results of operative evacuation by VATS
or/and thoracotomy was also examined.

We compared the demographic and clinical character-
istics of the patient groups, identifying factors that were
significantly different between them at p � 0.05. For the
univariate analysis, we used the �2 test with Yates correction
for comparison of categorical risk factors and the Student’s t
test or the Mann-Whitney test for comparison of continuous
risk factors. If any cell was found to have expected five
patients or less, the two-sided Fisher’s exact test was used. To
identify factors independently associated with the need for
thoracotomy and the successful intervention for each of the
management choices chosen, all potential risk factors that
were significant at p � 0.2 were entered into a forward
logistic regression model. Adjusted OR and 95% confidence
intervals (CIs) were derived.

To examine the correlation between CT estimation of
RH volume and results of operative evacuations (VATS
or/and thoracotomy), we used the scatter plot functions of the
statistical package SPSS for Windows, Version 12.0 (SPSS).
The Pearson-Moment Correlation Coefficient (r) and the
square correlation coefficient (r2) were calculated.

RESULTS
During the 2-year study period, 328 patients with post-

traumatic RH from 20 centers in the United States, Canada,
and South America were prospectively enrolled. VATS was
the most commonly used initial procedure, performed in 110
patients (33.5%). Thoracotomy was ultimately performed for
73 patients (22.2%). Overall, 101 patients (30.8%) were
initially managed with observation. Of these, 83 (82.2%)
were successfully managed without the need for any addi-
tional therapeutic intervention. One hundred twelve patients
(34.1%) required two and 18 patients (5.4%) required at least
three procedures to clear the RH or subsequently developed

empyema. The various management approaches used to treat
posttraumatic RH are shown in Figure 1.

The mean age � standard deviation of patients with RH
after trauma was 38.6 years � 16.1 years, 86.6% (n � 284)
were male, and 51.1% (n � 167) sustained penetrating injury.
Mean ISS was 20.7 � 13.0. Overall, 58.1% (n � 186)
sustained severe trauma (ISS �15) and 33.8% (n � 108)
suffered critical injuries (ISS �25). Hemothorax was the
most common indication for the initial placement of thora-
costomy tube (53.4%, n � 175). Initial thoracostomy tube
placement for enrolled patients was conducted in the emer-
gency department for 65.5%, operating room for 26.8%, ICU
3.7%, floor 3.7%, and 1 (0.3%) was placed prehospital.
Antibiotics were used periprocedurally for thoracostomy tube
placement in 126 patients (40.6%). Diagnosis of RH was
documented within 72 hours after initial chest tube placement
among 32.0% of patients, increasing to 55.5% by HD 5 and
87.2% by HD 10. Overall range of time from initial thora-
costomy tube placement for trauma to diagnosis of RH
ranged from 1 day to 30 days. Most of the patients (60.0%,
n � 186) had a volume of RH measured on the CT scan �300
cc. RH was associated with a diaphragm injury in 46 patients
(14.1%) and rib fractures in 177 patients (54.1%). The basic
demographics and clinical characteristics of patients with
posttraumatic RH are shown in Table 1.

The comparison of demographic and clinical character-
istics between patients who were successfully managed with
observation and those who required at least one therapeutic
intervention are shown in Table 1. Patients who were suc-
cessfully observed without the need for any therapeutic in-
tervention were more likely to be older (25.3% vs. 15.6%,
p � 0.047), have a volume of RH �300 cc (80.0% vs. 53.6%,
p � 0.001), sustain rib fractures (63.9% vs. 50.8%, p � 0.04),
have a higher ISS (24.8 � 13.0 vs. 19.3 � 12.7, p � 0.001),
and higher Abbreviated Injury Scale of the abdomen (30.9%
vs. 19.6%, p � 0.036). Successfully observed patients were
also less likely to have sustained penetrating injury (37.3%
vs. 55.7%, p � 0.004), to have been initially treated with a
smaller (�34) thoracostomy tube size (40.3% vs. 55.5%, p �
0.02), and have hemothorax as the indication for the initial
thoracostomy tube placement (37.3% vs. 58.8%, p � 0.035).
Successful observation was more common among patients
who had received periprocedural antibiotics on the initial
thoracostomy tube placement (29.6% vs. 44.5%, p � 0.019)
and did not have concomitant diaphragm injury (6.0% vs.
16.8%, p � 0.015). After stepwise regression analysis, the
strongest independent predictor of successful observation was
estimated volume of RH �300 cc (adjusted odds ratio [OR],
3.7; 95% CI, 2.0–7.0; p � 0.001; Table 1).

Compared with patients who were unsuccessfully man-
aged with an additional thoracostomy tube or an IGPD after
the diagnosis of posttraumatic RH, patients who were suc-
cessfully treated with these management choices were more
likely to have pneumothorax as indication for initial thora-
costomy placement (22.2% vs. 9.6%, p � 0.005) and less
likely to have estimated volume of RH �900 cc (2.4% vs.
13.9%, p � 0.043). Successful treatment with additional
thoracostomy tube or IGDP was also more common among
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Figure 1. Study outline illustrating the procedures performed for the management of posttraumatic RH after initial thoracos-
tomy tube placement.
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patients without a diaphragm injury (8.9% vs. 24.7%, p �
0.026) and in those patients who received these interventions
within 5 days of hospitalization (47.7% vs. 65.7%, p �
0.047). The comparison of the basic demographics and clin-
ical characteristics between the two groups are shown in
Table 2. After forward regression analysis, pneumothorax
as initial indication for thoracostomy tube (adjusted OR,
3.7; 95% CI, 1.5–9.1; p � 0.004) and CT-estimated vol-
ume of RH �300 cc (adjusted OR, 3.4; 95% CI, 1.3, 8.9;
p � 0.013) were independent risk factors of successful
management with an additional thoracostomy tube place-
ment or IGPD (Table 2).

Patients who were successfully treated with VATS,
without the need for any additional therapeutic intervention,
were more likely to have been given antibiotics on the initial
thoracostomy tube placement (58.6% vs. 33.3%, p � 0.02)
and less likely to have sustained an associated diaphragm
injury (14.2% vs. 32.3%, p � 0.022). The comparison of
basic demographics and clinical characteristics between the
two groups are shown in Table 3. After forward logistic
regression analysis, independent predictors of successful
VATS as definitive treatment were absence of an associated
diaphragm injury (adjusted OR, 4.7; 95% CI, 1.6, 13.7;
p � 0.005), use of periprocedural antibiotics for initial

TABLE 1. Comparison of the Basic Demographics and Clinical Characteristics Between Patients Who Received Treatment
and Those Who Were Successfully Managed With Observation and Independent Predictors of Successful Observation After
Stepwise Logistic Regression

Total (N � 328) Successful Observation (n � 83) Intervention (n � 245) p

Mean age � SD 38.6 � 16.2 42.0 � 17.8 37.4 � 15.4 0.027

Age (55 yr) 18.0% (59/327) 25.3% (21/83) 15.6% (38/244) 0.047

Male 86.6% (284/328) 85.5% (71/83) 86.9% (213/245) 0.747

Mechanism of injury—penetrating 51.1% (167/327) 37.3% (31/83) 55.7% (136/244) 0.004

Initial CT placement

HD (mean � SD) 1.2 � 0.9 1.1 � 0.4 1.3 � 1.1 0.118

Size2 (34) 51.8% (162/313) 40.3% (31/77) 55.5% (131/236) 0.020

Side

Left 52.1% (171/328) 59.0% (49/83) 49.8% (122/245) 0.145

Right 42.7% (140/328) 37.4% (31/83) 44.5% (109/245) 0.256

Both 5.2% (17/328) 3.6% (3/83) 5.7% (14/245) 0.456

Indication

HTX 53.4% (175/328) 37.3% (31/83) 58.8% (144/245) 0.035

PTX 14.0% (46/328) 21.7% (18/83) 11.4% (28/245) �0.001

Both 31.7% (104/328) 41.0% (34/83) 28.6% (70/245) 0.036

Other 0.9% (3/328) 0.0% (0/83) 1.2% (3/245) 0.321

Antibiotics used 40.6% (126/310) 29.6% (24/81) 44.5% (102/229) 0.019

Volume of retained HTX (cc)

3 00 60.0% (186/310) 80.0% (60/75) 53.6% (126/235) �0.001

301–900 30.3% (94/310) 16.0% (12/75) 34.9% (82/235) 0.002

�900 9.7% (30/310) 4.0% (3/75) 11.5% (27/235) 0.039

Diaphragmatic injury 14.1% (46/327) 6.0% (5/83) 16.8% (41/244) 0.015

Rib fractures 54.1% (177/327) 63.9% (53/83) 50.8% (124/244) 0.040

ISS (mean � SD) 20.7 � 13.0 24.8 � 13.0 19.3 � 12.7 0.001

ISS (16–24) 58.1% (186/320) 73.2% (60/82) 52.9% (126/238) 0.001

ISS (�25) 33.8% (120/320) 50.0% (41/82) 28.2% (67/238) �0.001

AIS chest (�3) 95.6% (302/316) 98.8% (80/81) 94.5% (222/235) 0.105

AIS abdomen (�3) 22.5% (71/316) 30.9% (25/81) 19.6% (46/235) 0.036

Independent Predictors of the Successful Observation in Patients With Retained Hemothorax After Stepwise Logistic Regression

Step Variables Adjusted OR (95% CI)* Adjusted p* r2

1 Volume of retained hemothorax 300 cc 3.7 (2.0–7.0) �0.001 0.067

2 PTX as an indication for the initial CT 2.7 (1.5–4.8) 0.001 0.105

3 Placement of a left side CT initially 2.1 (1.2–3.8) 0.013 0.125

SD, standard deviation; PTX, pneumothorax; AIS, Abbreviated Injury Scale; HTX, hemothorax; CT, chest tube.
The p values for categorical variables were derived from �2 test or Fisher’s exact test; p values for continuous variables were derived from Student’s t test or Mann-Whitney

U test. For multivariate analysis, all variables with a p value of �0.2 on univariate comparison were entered into the logistic regression model: age, mechanism of injury (penetrating),
left-sided chest tube, hemothorax, pneumothorax, both hemothorax and pneumothorax, antibiotic use, volume of retained HTX (�300, 300, and �900), rib fractures, chest AIS score
�3, abdomen AIS score �3, ISS, hospital day of placement of first chest tube, C-statistic (area under the curve) for model: 0.62 (0.46–0.79), standard error � 0.08, p � 0.104.
Hosmer and Lemeshow test (Goodness of fit) � 0.827.
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thoracostomy placement (adjusted OR, 3.3; 95% CI, 1.2, 9.0;
p � 0.023), and volume of RH �900 cc (adjusted OR, 3.9;
95% CI, 1.4–13.2; p � 0.03; Table 3). Despite examining a
variety of intervals for the timing of VATS from both the
time of admission and the time of diagnosis (including 24, 48,
and 72 hours; 5 and 7 days), no association between timing
and successful utilization as definitive procedure was noted
on either univariate or multivariate analysis.

Patients who underwent thoracotomy were more likely
to have been initially managed with bilateral thoracostomy
tubes (13.4% vs. 3.1%, p � 0.001), have had a CT-estimated
volume of RH �900 cc (18.2% vs. 7.4%, p � 0.008), and
have sustained diaphragm injury (29.9% vs. 10.0%, p �
0.001). The comparison of demographic and clinical charac-
teristics between the two groups is shown in Table 4. After
stepwise regression analysis, the presence of diaphragm in-

TABLE 2. Comparison of the Basic Demographics and Clinical Characteristics in Patients Treated With an Additional
CT/IGPD and Independent Predictors of Successful Additional CT/IGDP After Stepwise Logistic Regression

Total (N � 118)
Successful CT/IGPD

(n � 45)
Unsuccessful CT/IGPD

(n � 73) p

Mean age � SD 37.1 � 1.4 38.5 � 16.4 36.2 � 15.0 0.428

Age3 (55 yr) 14.4% (17/118) 15.6% (7/45) 13.7% (10/73) 0.780

Male 84.7% (100/118) 82.2% (37/45) 86.3% (63/73) 0.364

Mechanism of Injury—penetrating 49.2% (58/118) 42.2% (19/45) 53.4% (39/73) 0.160

Initial chest tube placement

HD (mean � SD) 1.2 � 0.1 1.1 � 0.3 1.2 � 0.9 0.548

Size2 (34) 37.2% (42/113) 39.5% (17/43) 35.7% (25/70) 0.683

Side

Left 48.3% (57/118) 42.2% (19/45) 52.1% (38/73) 0.198

Right 44.9% (53/118) 51.1% (23/45) 41.1% (30/73) 0.192

Both 6.8% (8/118) 6.7% (3/45) 6.8% (5/73) 0.640

Indication

HTX 57.6% (68/118) 42.2% (19/45) 67.1% (49/73) 0.098

PTX 14.4% (17/118) 22.2% (10/45) 9.6% (7/73) 0.005

Both 27.1% (32/118) 35.6% (16/45) 21.9% (16/73) 0.106

Other 0.8% (1/118) 0.0% (0/45) 1.4% (1/73) 0.110

Antibiotics used 38.8% (40/103) 28.9% (13/45) 46.6% (27/58) 0.068

Volume of retained hemothorax (cc)
23 00 61.9% (70/113) 68.3% (28/41) 58.3% (42/72) 0.199

301–900 28.3% (32/113) 29.3% (12/41) 27.8% (20/72) 0.516

�900 9.7% (11/113) 2.4% (1/41) 13.9% (10/72) 0.043

Diaphragmatic injury 18.6% (22/118) 8.9% (4/45) 24.7% (18/73) 0.026

Rib fractures 53.4% (63/118) 57.8% (26/45) 50.7% (37/73) 0.288

HD of CT/IGPD

�5 d 58.6% (44/67) 47.7% (21/44) 65.7% (44/67) 0.047

Size of CT/IGPD
234 57.0% (61/107) 62.5% (25/40) 53.7% (36/67) 0.375

ISS (mean � SD) 21.1 � 1.2 23.3 � 14.2 19.8 � 11.2 0.145

ISS (�15) 61.2% (71/116) 68.2% (30/44) 56.9% (41/72) 0.157

ISS3 (25) 32.8% (38/126) 40.9% (18/44) 27.8% (20/72) 0.144

AIS chest3 (3) 96.6% (112/116) 93.0% (40/43) 98.6% (72/73) 0.143

AIS abdomen3 (3) 28.4% (33/116) 27.9% (12/43) 28.8% (21/73) 0.921

Independent Predictors of the Successful Additional CT/IGPD in Patients With Retained Hemothorax After Stepwise Logistic Regression

Step Variable Adjusted OR (95% CI)* Adjusted p* r2

1 PTX as an indication for the initial CT placement 3.7 (1.5–9.1) 0.004 0.094

2 Volume of retained HTX2 300 cc 3.4 (1.3–8.9) 0.013 0.158

SD, standard deviation; PTX, pneumothorax; AIS, Abbreviated Injury Scale; HTX, hemothorax; CT, chest tube.
The p values for categorical variables were derived from �2 test or Fisher’s exact test; p values for continuous variables were derived from Student’s t test or Mann-Whitney

U test. For multivariate analysis, all variables with a p value of �0.2 on univariate comparison were entered into the logistic regression model: hemothorax, both hemothorax and
pneumothorax, other chest tube indication, antibiotic use, ISS, diaphragm injury, chest tube placement � day 5, left-sided chest tube, right-sided chest tube, mechanism of injury
(penetrating), volume of retained hemothorax (�300), ISS C-statistic (area under the curve) for model: 0.50 (0.43–0.79), standard error � 0.04, p � 0.989. Hosmer and Lemeshow
test (Goodness of fit) � not applicable.
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jury (adjusted OR, 4.9; 95% CI, 2.4–9.9; p � 0.001), volume
of RH �900 cc (adjusted OR, 3.2; 95% CI, 1.4–7.5; p �
0.007), and failure to give periprocedural antibiotics on the
initial thoracostomy tube placement (adjusted OR, 2.3; 95%
CI, 1.2–4.6; p � 0.015) were found to be independent
predictors of the need for thoracotomy (Table 4).

After examining the correlation between the CT scan
estimation of RH volume and results of operative evacuations
(VATS or/and thoracotomy) by using the Scatter plot, we
found a statistically significant (p � 0.004) weak correlation
between the two variables with a Pearson Product-Moment

Correlation Coefficient (r) equal to 0.246 and a squared
correlation coefficient (r2) equal to 0.06 (Fig. 2).

Infectious complications were also noted to be common
in the setting of posttraumatic RH. Using the aforementioned
definitions, empyema was identified among 26.8% (88 of
328) of study patients and pneumonia was documented in
19.5% (64 of 328). When compared with patients without
empyema, patients who developed empyema after posttrau-
matic RH had a longer ICU (11.2 � 13.0 vs. 6.5 � 12.1;
mean difference, 4.6; 95% CI, 1.5–7.8; p � 0.004) and
hospital length of stay (23.6 � 11.4 vs. 16.6 � 19.5; mean

TABLE 3. Comparison of the Basic Demographics and Clinical Characteristics Between Patients Who Were Successfully
Managed With VATS and Those Who Were Not Independent Predictors of Successful VATS After Stepwise Logistic Regression

Total (N � 138) Successful VATS (n � 107) Unsuccessful VATS (n � 31) p

Mean age � SD 35.6 � 15.5 35.1 � 15.1 37.4 � 16.9 0.468

Age3 (55 yr) 12.4% (17/137) 12.3% (13/106) 12.9% (4/31) 0.924

Male 87.0% (120/138) 88.8% (95/107) 80.6% (25/31) 0.236

Mechanism of injury—penetrating 67.4% (93/138) 68.2% (73/107) 64.5% (20/31) 0.698

Initial chest tube placement

HD (mean � SD) 1.3 � 1.2 1.4 � 1.4 1.1 � 0.3 0.375

Size2 (34) 66.2% (88/133) 66.7% (68/102) 64.5% (20/31) 0.825

Side

Left 50.7% (70/138) 54.2% (58/107) 38.7% (12/31) 0.129

Right 46.4% (64/138) 43.9% (47/107) 54.8% (17/31) 0.283

Both 2.9% (4/138) 1.9% (2/107) 6.5% (2/31) 0.181

Indication

HTX 63.0% (87/138) 63.6% (68/107) 61.3% (19/31) 0.846

PTX 6.5% (9/138) 6.5% (7/107) 6.5% (2/31) 0.744

Both 29.7% (41/138) 29.0% (31/107) 32.3% (10/31) 0.339

Other 0.7% (1/138) 0.9% (1/107) 0.0% (0/131) 0.724

Antibiotics used 53.2% (67/126) 58.6% (58/99) 33.3% (9/27) 0.020

Volume of retained hemothorax (cc)
2300 50.8% (67/132) 52.9% (54/102) 43.3% (13/30) 0.355

301–900 36.4% (48/132) 37.3% (38/102) 33.3% (10/30) 0.695

�900 12.9% (17/132) 9.8% (10/102) 23.3% (7/30) 0.052

Diaphragmatic injury 18.2% (25/137) 14.2% (15/106) 32.3% (10/31) 0.022

Rib fractures 41.6% (57/137) 40.6% (43/106) 45.2% (14/31) 0.648

HD of VATS

�5 d 51.1% (67/131) 47.5% (48/101) 63.3% (19/30) 0.128

ISS (mean � SD) 16.6 � 11.4 15.7 � 10.1 19.8 � 14.7 0.078

ISS (16–24) 44.4% (60/135) 42.3% (44/104) 51.6% (16/31) 0.360

ISS3 (25) 19.3% (26/135) 16.3% (17/104) 29.0% (9/31) 0.116

AIS chest3 (3) 94.7% (124/131) 95.0% (95/100) 93.5% (29/31) 0.754

AIS abdomen3 (3) 13.7% (18/131) 12.0% (12/100) 19.4% (6/31) 0.299

Independent Predictors of the Successful VATS in Patients With Retained Hemothorax After Stepwise Logistic Regression

Step Variable Adjusted OR (95% CI)* Adjusted p* r2

1 Absence of diaphragmatic injury 4.7 (1.6–13.7) 0.005 0.069

2 Use of antibiotics on initial CT placement 3.3 (1.2–9.0) 0.023 0.116

3 Volume of retained HTX2 900 cc 3.9 (1.4–13.2) 0.03 0.153

SD, standard deviation; PTX, pneumothorax; AIS, Abbreviated Injury Scale; HTX, hemothorax; CT, chest tube.
The p values for categorical variables were derived from �2 or Fisher’s exact test; p values for continuous variables were derived from Student’s t test or Mann-Whitney U test.

For multivariate analysis, all variables with a p value of �0.2 on univariate comparison were entered into the logistic regression model: left-sided chest tube, bilateral chest tube
placement, antibiotic use, volume of retained hemothorax (�900), diaphragm injury, chest tube placement � day 5, ISS C-statistic (area under the curve) for model: 0.74 (0.68–0.80),
standard error � 0.03, p � 0.001. Hosmer and Lemeshow test (Goodness of fit) � 0.269.
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difference, 7.0; 95% CI, 3.5–10.4; p � 0.001). Similar pat-
terns were observed for patients developing pneumonia after
posttraumatic RH with both longer ICU (18.6 � 15.6 vs.
5.1 � 10.1; mean difference, 13.4; 95% CI, 10.3–16.6; p �
0.001) and hospital length of stays noted (30.1 � 30.2 vs.
15.7 � 11.9; mean difference, 14.5; 95% CI, 9.8–19.2; p �
0.001).

DISCUSSION
The diagnosis and optimal management of posttraumatic

RH remains problematic. It is generally accepted that persistent
blood within the thoracic cavity represents a troubling finding,
primarily because of concern for the subsequent development of

fibrothorax (trapped lung) or empyema. Although a link between
uncomplicated RH and “trapped lung” has been less well estab-
lished,4 the presence of retained blood within the pleural space
has clearly been identified as a risk factor for the development
for subsequent empyema.1,5–8Although the diagnosis and man-
agement of posttraumatic empyema remains controversial,9,10

this complication may occur in up to �30% of patients with RH
after serious thoracic injury5,6,8 and contribute significantly to
morbidity and mortality.11 For this reason, the establishment of
the ideal algorithm for the effective evacuation of RH has
remained an area of active investigation.

The identification of individuals at greatest risk for
subsequent complications because of RH is, however, prob-

TABLE 4. Comparison of the Basic Demographics and Clinical Characteristics Between Patients Who Were Treated With
Thoracotomy and Those Who Were Not and Independent Predictors of the Need for Thoracotomy on Logistic Regression

Total (N � 328) Thoracotomy (�) (n � 67) Thoracotomy (�) (n � 261) p

Mean age � SD 38.6 � 16.1 39.2 � 15.4 38.4 � 16.4 0.746

Age3 (55 yr) 18.0% (59/327) 17.9% (12/67) 18.1% (47/260) 0.975

Male 86.6% (284/328) 85.1% (57/67) 87.0% (227/261) 0.684

Mechanism of injury—penetrating 51.1% (167/327) 47.0% (31/66) 52.1% (136/261) 0.456

Initial chest tube placement*

HD (Mean � SD) 1.2 � 0.9 1.3 � 1.1 1.2 � 0.9 0.304

Size2 (34) 51.8% (162/313) 46.3% (31/67) 53.3% (131/246) 0.311

Side

Left 52.1% (171/328) 43.3% (29/67) 54.4% (142/261) 0.104

Right 42.7% (140/328) 43.3% (29/67) 42.5% (111/261) 0.911

Both 5.2% (17/328) 13.4% (9/67) 3.1% (8/261) 0.001

Indication

HTX 53.4% (175/328) 55.2% (37/67) 52.9% (138/261) 0.940

PTX 14.0% (46/328) 13.4% (9/67) 14.2% (37/261) 0.468

Both 31.7% (104/328) 28.4% (19/67) 32.6% (85/261) 0.509

Other 0.9% (3/327) 3.0% (2/67) 0.4% (1/261) 0.330

Antibiotics used 40.6% (126/310) 32.3% (20/62) 42.7% (106/248) 0.133

Volume of retained hemothorax (cc)
2300 60.0% (186/310) 48.5% (32/66) 63.1% (154/244) 0.031

301–900 30.3% (94/310) 33.3% (22/66) 29.5% (72/244) 0.549

�900 9.7% (30/310) 18.2% (12/66) 7.4% (18/244) 0.008

Diaphragmatic injury 14.1% (46/327) 29.9% (20/67) 10.0% (26/260) �0.001

Rib fractures 54.1% (177/327) 58.2% (39/67) 53.1% (138/260) 0.452

ISS (mean � SD) 20.7 � 13.0 22.8 � 14.0 20.1 � 12.6 0.144

ISS (�15) 58.1% (186/320) 63.1% (41/65) 56.9% (145/255) 0.365

ISS3 (25) 33.8% (108/320) 41.5% (27/65) 31.8% (81/255) 0.137

AIS chest3 (3) 95.6% (302/316) 95.5% (63/66) 95.6% (239/250) 0.959

AIS abdomen3 (3) 22.5% (71/316) 24.2% (16/66) 22.0% (55/250) 0.698

Independent Predictors of Thoracotomy in Patients With Retained Hemothorax After Stepwise Logistic Regression

Step Variable Adjusted OR (95% CI)* Adjusted p* r2

1 Diaphragmatic injury 4.9 (2.4–9.9) �0.001 0.062

2 Volume of retained HTX �900 cc 3.2 (1.4–7.5) 0.007 0.084

3 No antibiotics used on the initial CT placement 2.3 (1.2–4.6) 0.015 0.105

SD, standard deviation; PTX, pneumothorax; AIS, Abbreviated Injury Scale; HTX, hemothorax; CT, chest tube.
The p values for categorical variables were derived from �2 test or Fisher’s exact test; p values for continuous variables were derived from Student’s t test or Mann-Whitney

U test. For multivariate analysis, all variables with a p value of �0.2 on univariate comparison were entered into the logistic regression model: left-sided chest tube, bilateral chest
tube placement, antibiotic use, volume of retained hemothorax (�300 and �900), diaphragm injury, ISS C-statistic (area under the curve): 0.71 (0.64–0.78), standard error � 0.04,
p � 0.001. Hosmer and Lemeshow test (Goodness of fit) � 0.059.
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lematic. Although liquefied hemothorax can frequently be
effectively drained with the placement of an initial or sec-
ondary thoracostomy tube, clotted and loculated collections
may be more likely to require more aggressive management.
The natural history of retained hemothoraces, particularly
smaller collections, has also not been well defined.12 Al-
though largely dependent on the screening modality used,
even the incidence of this entity has not been well estab-
lished; although small studies have reported rates as high as
10%.13 In addition, although computed tomography seems a
more sensitive and specific modality by which to characterize
and quantify RH,2 the effective use of radiographic assess-
ment to stratify risk and guide therapeutic decisions has
remained elusive.10,12,14 This study used a methodology pre-
viously validated by Mergo et al.3 for the CT estimation of
pleural effusions to examine the validity of CT in estimation
of RH volume. In doing so, we found that CT estimations
using this approach do seem to correlate significantly with
evacuated blood at the time of VATS or thoracotomy,
although weakly (correlation coefficient � 0.246). This
provided us an opportunity to validate this approach for
use in volume estimation of RH and subsequently used
these volume estimations in predicting the success of
subsequent interventions. Although these associations are
interesting, the true value of this approach in the use of
management algorithms must be validated prospectively.
This would preferably be done in the context of a man-
agement algorithm.

Despite existing controversies, several management
strategies for RH have been proposed, including observation,
image-guided drainage, thoracostomy, VATS, intrapleural
fibrinolytics, and thoracotomy. Thoracotomy remains the
gold standard to which newer approaches are compared, but
this surgical approach can be associated with significant
morbidity and less invasive modalities are more commonly
used as first-line modalities in the modern era. This study
demonstrates that a wide variety of practices are presently
used in an attempt to evacuate RH and mitigate the risk for
subsequent development of posttraumatic empyema (26.8%
in our present series). Figure 1 outlines the strategies for
initial management used by the centers participating in our
study. Our findings highlight that VATS is the most com-
monly used initial intervention in the modern era, although
size of collection and a number of other factors likely con-
tribute to choice of initial therapy.

It has been suggested that the effective utilization of a
protocolized approach may both improve patient outcome
and cost-effectiveness in the management of posttraumatic
RH.15 In the development of such algorithms, the absence of
Level I data and the potential benefits and limitations of each
available therapy must be carefully considered for individual
patients.

As the natural history of RH has not been well eluci-
dated, observation remains a valid option for consideration.
The risk of intervention must be weighed in each individual
patient, recognizing that each procedural approach likely

Figure 2. Scatter plot for the correlation of the volume of blood evacuated with the volume of retained hemothorax mea-
sured on the CT scan in patients treated with VATS or/and thoracotomy.
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increases subsequent risk for subsequent complications, in-
cluding empyema. In this study, 30.8% of patients with
posttraumatic RH were initially treated with observation,
which proved successful in 83.2%. Patients selected for
observation were more likely to be older, and more severely
injured, than counterparts selected for intervention.

The size of the identified RH may also prove important
when considering observation. Our findings noted that, in
modern practice, patients with collections �300 cc on CT
estimation were more likely to be observed, as were patients
who initially required thoracostomy tube placement for the
treatment of pneumothorax (as opposed to hemothorax). On
multivariate analysis, the clinically relevant independent pre-
dictors of successful observation in our study were volume of
RH �300 cc and pneumothorax as initial indication for
trauma thoracostomy tube placement.

Placement of additional drainage catheters in the form
of either additional thoracostomy tube placement or IGDP
has been advocated as the initial therapy of choice by some
investigators.16,17 The proposed benefits of these interven-
tions include the rationale that additional drainage access may
promote better clearance of retained blood and mitigate the
risk of subsequent need for more invasive interventions.
IGDP has the added benefit of facilitating greater precision in
placement of drainage under direct radiographic guidance.
These procedures are not, however, without their own risks,
including pulmonary injury and the potential introduction of
additional threat for infectious complications. This report
demonstrates that additional thoracostomy tubes were placed
in 18.6% of patients after identification of posttraumatic RH
with IGPD chosen as the initial therapy of choice in 5.2%.
Combined, patients were more likely to have had these
procedures conducted when pneumothorax was the indication
for initial thoracostomy tube placement.

In our present series, thoracostomy tube placement and
IGPD both demonstrated appreciable requirements for a sec-
ond intervention after their performance. Over half of addi-
tional thoracostomy tubes required a subsequent intervention
(39 of 61, 63.9%). Although less commonly used (Fig. 1),
IGPD was followed by a required additional drainage proce-
dure in 41.2% (7 of 17). Patients undergoing both procedures
beyond HD 5 were more likely to require additional inter-
vention (Table 3). On multivariate regression analysis, inde-
pendent predictors for successful utilization of additional
thoracostomy tube placement or IGPD as definitive therapy
for RH were pneumothorax as initial indication for thoracos-
tomy tube placement after trauma and CT-estimated volume
of RH �300 cc.

The use of intrapleural fibrinolytics for the degradation
and subsequent drainage of RH and infectious complications
of the pleural space has already been reported by several
groups.10,13,18–27 In a review of studies from the Cochrane
Database of Systematic Reviews reported in 2008, Cameron
and Davies10 identified seven randomized control trials ex-
amining the use of fibrinolytics for empyema and parapneu-
monic effusions. These investigators found that fibrinolytics
used in these settings safely resulted in a significant decrease
in the risk of requiring subsequent surgical drainage. Al-

though these findings seem to demonstrate the utility of
intrapleural fibrinolytic use, none of these studies included
posttraumatic RH in their examinations.

At present, no Level I evidence supporting the use of
fibrinolytics for the treatment of posttraumatic RH exists. In
one small, prospective observational study reported by Kim-
brell et al.23, however, the use of fibrinolytics resulted in
successful resolution of residual hemothorax in 92% of pa-
tients. Another limited retrospective examination conducted
by Oguzkaya et al.13 compared the use of VATS with intra-
pleural streptokinase for management of posttraumatic RH
finding that the use VATS resulted in shorter hospital stay
and a decreased need for subsequent thoracotomy. In addi-
tion, although it has been suggested that timing of adminis-
tration may improve success rates with thrombolytic use, no
study to date has demonstrated clearly any relationship be-
tween timing of use and success rates.28 In this study, throm-
bolytics administered through the existing thoracostomy tube
were used as initial intervention for posttraumatic RH in only
4.6% of patients (15 of 328), with 66.7% of these patients
requiring additional interventions for treatment.

Expanded experience with thoracoscopy has increased
the enthusiasm for the use of this modality to evacuate
retained hemothoraces.29–39 Although early VATS seems to
be beneficial, the definition of “early” has varied among
available retrospective series and there is a paucity of pro-
spective studies available in the literature.29–32,34,36–39 In one
prospective, randomized report of VATS use within 72 hours
of initial thoracostomy tube placement, Meyer et al.29 found
that VATS at this interval was associated with shorter hos-
pital stays and lower hospital costs compared with individuals
randomized to additional thoracostomy tube placement.

In this study, VATS was chosen as the initial therapy of
choice for posttraumatic RH among 33.5% of patients (110 of
328), proving the most common initial intervention after
diagnosis. On univariate comparison between patients in
which VATS proved definitive treatment and those requiring
additional intervention, VATS was more commonly success-
ful among patient who had received periprocedural antibiot-
ics and those without diaphragm injury. Although our present
analysis was not designed to examine this question, these
findings may be reflective of increased risk of empyema40 and
subsequent difficulty in clearing associated infection of the
pleural space. The most common procedure required after
failed VATS in our present series was thoracotomy.

Despite examining several timing cutoffs from both
admission and time of RH identification (24, 48, and 72 hours
and 5 and 7 days), we were unable in our present examination
to demonstrate any association between timing of VATS and
success with this procedure as definitive treatment of post-
traumatic RH. Several factors may have contributed to this
finding, including the time to diagnosis of RH. In our study
population, the diagnosis of RH from initial thoracostomy
tube placement varied from 1 day to 30 days with 65.4% of
patients having diagnosis established greater than 72 hours
after initial thoracostomy placement. Delays in diagnosis may
have both altered the management choice and the success rate
of VATS for the treatment of RH. On multivariate regression

DuBose et al.
J Trauma

Volume 72, Number 1

© 2012 Lippincott Williams & Wilkins20



analysis of available data, the independent predictors of
successful VATS in our study population were absence of
diaphragm injury, use of periprocedural antibiotics, and CT-
estimated volume of RH �900 cc.

Thoracotomy affords the best visualization of the tho-
rax for evacuation of RH and empyema and also likely carries
the greatest procedural risk of the procedures used. In our
present examination, thoracotomy was more commonly per-
formed when patients had bilateral hemothoraces, had CT-
estimated RH volumes of �900 cc, or had concomitant
diaphragm injury. The independent predictors of the need for
thoracotomy among all patients with RH in our study were
diaphragm injury, CT-estimated volume of RH �900 cc, and
failure to use periprocedural antibiotics during initial thora-
costomy tube placement. Thoracotomy proved to be the
procedure with the highest success as definitive procedure for
treatment among patients not deemed appropriate for inter-
vention, with 79.2% of patients undergoing this intervention
requiring no additional therapy.

Despite its prospective design, our present investigation
has important limitations. The indications for the use of com-
puted tomography to diagnose the presence of RH, including
what constituted a suspicious chest X-ray for indication, may
have varied between participating centers. This may have con-
tributed to potential bias in enrollment. Capabilities of partici-
pating centers and individual surgeons may have precluded the
access to all of the aforementioned management tools available
for the treatment of RH. Interpretation of our description of
the practice patterns should, accordingly, be used with caution.
In addition, other variances among centers and providers that
were not recorded in our study design may have contributed to
subsequent outcome and the need for additional procedures. Our
study population also represents a more severely injured cohort
with a mean ISS of 20.7. Extrapolation to the management of
less severely injured patients should, therefore, may not be
appropriate. Finally, the mean time from placement of initial
thoracostomy tube after trauma to the time of RH diagnosis
varied considerable in our population (range, 1–30 days). Diag-
nosis of RH was identified in 32% of patients by HD 3 with
87.2% diagnosed by HD 10. Delays in diagnosis may have
contributed to an increased opportunity for RH to organize in a
fashion that might have contributed to lower rates of success
with less invasive modalities.

CONCLUSION
This study represents the largest examination of post-

traumatic RH in the modern medical literature. Recorded
practice patterns illustrate an acceptance of VATS as initial
therapy for the treatment of posttraumatic RH, although the
appropriate timing of this intervention remains unclear. With
success rates as definitive therapy approaching those of tho-
racotomy (70.0% vs. 79.2%, respectively), this less-invasive
alternative may prove the approach of choice among patients
with CT-estimated RH volumes of 300 cc or greater. Our data
also suggest, however, that appropriately selected patients
with volumes on CT of �300 cc can in many instances be
safely observed. Among patients with volumes exceeding
900 cc or associated diaphragm injury, thoracotomy remains

an appropriate intervention. Further investigation is war-
ranted to examine the specific risk factors for complications
of RH, including empyema, in order that risk stratification
can effectively be included in algorithms designed to opti-
mize the outcome of this entity after trauma.

AUTHORSHIP
This work represents the original efforts of the investigators. All
authors contributed to study design, data collection, data
interpretation, and manuscript development.

ACKNOWLEDGMENTS

Study Group: The AAST Retained Hemothorax Study Group is as
follows: Joseph J. DuBose, MD, James O’Connor, MD, Jay Menaker,
MD, Thomas Scalea, MD, and Olga Kolesnik, MD, University of
Maryland Medical System/R Adams Cowley Shock Trauma Center,
Baltimore, Maryland; Carlos Morales, MD, University of Antioquia,
Hospital Universitario San Vicente de Paul, Medellin, Colombia; Kenji
Inaba, MD, Demetrios Demetriades, MD, PhD, Thomas
Lustenberger, MD, and Agathoklis Konstantinidis, MD, Los Angeles
County � University of Southern California Hospital, Los Angeles,
California; Tony Shiflett, MD, and Jack Sava, MD, Washington
Hospital Center, Washington, DC; Ben Copwood, MD, Kathryn
Wheat, MD, and Carlos Brown, MD, University Medical Center
Brackenridge, Austin, Texas; Kenneth Waxman, MD, and Kelly Kam,
RN, Santa Barbara Cottage Hospital, Santa Barbara, California;
Charles Hu, MD, and Lori Wood, RN, Scottsdale Healthcare,
Scottsdale, Arizona; Sandro B. Rizoli, MD, PhD, Sunnybrook Hospital
Health Sciences Centre—University of Toronto, Toronto, Canada;
Darren Malinoski, MD, and Allen Kong, MD, University of California,
Irvine Medical Center, Irvine, California; Joao B. Rezende-Neto, MD,
Phd, and Mario Patore-Neto, MD, Universidade Federal De Minas
Gerais—Risoleta Tolentino Neves University, Brazil; Narong
Kulvatunyou, MD, and Peter Rhee, MD, University of Arizona
Medical Center, Tucson, Arizona; Jean-Francois Ouellet, MD, Corina
Tiruta, MS, and Andrew W. Kirkpatrick, MD, Foothills Medical
Center, University of Calgary, Calgary, Alberta, Canada; Jeanne Lee,
MD, and Raul Coimbra, MD, PhD, University of California, San
Diego, San Diego, California; Jennifer Lang, MD, and Herb Phelan,
MD, University of Texas Southwestern, Dallas, Texas; Kevin M.
Schuster, MD, Yale University School of Medicine, New Haven,
Connecticut; George C. Velmahos, MD, Massachusetts General
Hospital, Boston, Massachusetts; Riyad Karmy-Jones, MD, Southwest
Washington Medical Center, Vancouver, Washington; Jeremy
Cannon, MD, Mark Gunst, MD, and Stephanie Savage, MD, Wilford
Hall United States Air Force Medical Center, Lackland, Air Force
Base, San Antonio, Texas; Tim Browder, MD, University of Nevada
School of Medicine, Las Vegas, Nevada; Brian Kim, MD, and Don
Jenkins, MD, Mayo Clinic, Rochester, New York.

DISCLOSURE

The authors declare no conflicts of interest.

REFERENCES
1. Aguilar MM, Battistella FD, Owings JT, Su T. Posttraumatic empyema.

Risk factor analysis. Arch Surg. 1997;132:647–650; discussion 650–651.
2. Velmahos GC, Demetriades D, Chan L, et al. Predicting the need for

thoracoscopic evacuation of residual traumatic hemothorax: chest radio-
graph is insufficient. J Trauma. 1999;46:65–70.

3. Mergo PJ, Helmberger T, Didovic J, Cernigliaro J, Ros PR, Staab EV.
New formula for quantification of pleural effusions from computed
tomography. J Thorac Imaging. 1999;14:122–125.

4. Doelken P, Sahn SA. Trapped lung. Semin Respir Crit Care Med.
2001;22:631–636.

5. Eren S, Esme H, Sehitogullari A, Durkan A. The risk factors and
management of posttraumatic empyema in trauma patients. Injury.
2008;39:44–49.

J Trauma
Volume 72, Number 1 DuBose et al.

© 2012 Lippincott Williams & Wilkins 21



6. Sriussadaporn S, Poomsuwan P. Post-traumatic empyema thoracis in
blunt chest trauma. J Med Assoc Thai. 1995;78:393–398.

7. Mandal AK, Thadepalli H, Mandal AK, Chettipalli U. Posttraumatic
empyema thoracis: a 24-year experience at a major trauma center.
J Trauma. 1997;43:764–771.

8. Karmy-Jones R, Holevar M, Sullivan RJ, Fleisig A, Jurkovich GJ.
Residual hemothorax after chest tube placement correlates with in-
creased risk of empyema following traumatic injury. Can Respir J.
2008;15:255–258.

9. Wong KS, Lin TY, Huang YC, Chang LY, Lai SH. Scoring system for
empyema thoracis and help in management. Indian J Pediatr. 2005;72:
1025–1028.

10. Cameron R, Davies HR. Intra-pleural fibrinolytic therapy versus con-
servative management in the treatment of adult parapneumonic effusions
and empyema. Cochrane Database Syst Rev. 2008;16:CD002312.

11. Wehr CJ, Adkins RB Jr. Empyema thoracis: a ten-year experience. South
Med J. 1986;79:171–176.

12. Stafford RE, Linn J, Washington L. Incidence and management of occult
hemothoraces. Am J Surg. 2006;192:722–726.

13. Oguzkaya F, Akcali Y, Bilgin M. Videothoracoscopy versus intrapleural
streptokinase for management of post traumatic retained haemothorax: a
retrospective study of 65 cases. Injury. 2005;36:526–529.

14. Meyer DM. Hemothorax related to trauma. Thorac Surg Clin. 2007;17:47–55.
15. Morrison CA, Lee TC, Wall MJ Jr, Carrick MM. Use of a trauma service

clinical pathway to improve patient outcomes for retained traumatic
hemothorax. World J Surg. 2009;33:1851–1856.

16. Shiose A, Takaseya T, Fumoto H, et al. Improved drainage with active chest
tube clearance. Interact Cardiovasc Thorac Surg. 2010;10:685–688.

17. Lee SF, Lawrence D, Booth H, Morris-Jones S, Macrae B, Zumla A.
Thoracic empyema: current opinions in medical and surgical manage-
ment. Curr Opin Pulm Med. 2010;16:194–200.

18. Aye RW, Froese DP, Hill LD. Use of purified streptokinase in empyema
and hemothorax. Am J Surg. 1991;161:560–562.

19. Misthos P, Sepsas E, Konstantinou M, Athanassiadi K, Skottis I,
Lioulias A. Early use of intrapleural fibrinolytics in the management of
postpneumonic empyema. A prospective study. Eur J Cardiothorac
Surg. 2005;28:599–603.

20. Davies RJ, Traill ZC, Gleeson FV. Randomised controlled trial of
intrapleural streptokinase in community acquired pleural infection. Tho-
rax. 1997;52:416–421.

21. Davies CW, Lok S, Davies RJ. The systemic fibrinolytic activity of
intrapleural streptokinase. Am J Respir Crit Care Med. 1998;157:328–330.

22. Jerjes-Sanchez C, Ramirez-Rivera A, Elizalde JJ, et al. Intrapleural
fibrinolysis with streptokinase as an adjunctive treatment in hemothorax
and empyema: a multicenter trial. Chest. 1996;109:1514–1519.

23. Kimbrell BJ, Yamzon J, Petrone P, Asensio JA, Velmahos GC. Intra-
pleural thrombolysis for the management of undrained traumatic hemo-
thorax: a prospective observational study. J Trauma. 2007;62:1175–8;
discussion 1178–1179.

24. Bouros D, Schiza S, Patsourakis G, Chalkiadakis G, Panagou P, Siafakas
NM. Intrapleural streptokinase versus urokinase in the treatment of
complicated parapneumonic effusions: a prospective, double-blind
study. Am J Respir Crit Care Med. 1997;155:291–295.

25. Bouros D, Schiza S, Siafakas N. Fibrinolytics in the treatment of
parapneumonic effusions. Monaldi Arch Chest Dis. 1999;54:258–263.

26. Bouros D, Schiza S, Tzanakis N, Drositis J, Siafakas N. Intrapleural
urokinase in the treatment of complicated parapneumonic pleural effu-
sions and empyema. Eur Respir J. 1996;9:1656–1659.

27. Maskell NA, Davies CW, Nunn AJ, et al. U.K. controlled trial of
intrapleural streptokinase for pleural infection. N Engl J Med. 2005;352:
865–874.

28. Gates RL, Hogan M, Weinstein S, Arca MJ. Drainage, fibrinolytics, or
surgery: a comparison of treatment options in pediatric empyema.
J Pediatr Surg. 2004;39:1638–1642.

29. Meyer DM, Jessen ME, Wait MA, Estrera AS. Early evacuation of
traumatic retained hemothoraces using thoracoscopy: a prospective,
randomized trial. Ann Thorac Surg. 1997;64:1396–1400; discussion
1400–1401.

30. Morales Uribe CH, Villegas Lanau MI, Petro Sanchez RD. Best timing
for thoracoscopic evacuation of retained post-traumatic hemothorax.
Surg Endosc. 2008;22:91–95.

31. Cetindag IB, Neideen T, Hazelrigg SR. Video-assisted thoracic surgical
applications in thoracic trauma. Thorac Surg Clin. 2007;17:73–79.

32. Casos SR, Richardson JD. Role of thoracoscopy in acute management of
chest injury. Curr Opin Crit Care. 2006;12:584–589.

33. Carrillo EH, Richardson JD. Thoracoscopy in the management of
hemothorax and retained blood after trauma. Curr Opin Pulm Med.
1998;4:243–246.

34. Navsaria PH, Vogel RJ, Nicol AJ. Thoracoscopic evacuation of retained
posttraumatic hemothorax. Ann Thorac Surg. 2004;78:282–285; discus-
sion 285–286.

35. Tomaselli F, Maier A, Renner H, Smolle-Juttner FM. Thoracoscopical
water jet lavage in coagulated hemothorax. Eur J Cardiothorac Surg.
2003;23:424–425.

36. Velmahos GC, Demetriades D. Early thoracoscopy for the evacuation of
undrained haemothorax. Eur J Surg. 1999;165:924–929.

37. Vassiliu P, Velmahos GC, Toutouzas KG. Timing, safety, and efficacy
of thoracoscopic evacuation of undrained post-traumatic hemothorax.
Am Surg. 2001;67:1165–1169.

38. Heniford BT, Carrillo EH, Spain DA, Sosa JL, Fulton RL, Richardson
JD. The role of thoracoscopy in the management of retained thoracic
collections after trauma. Ann Thorac Surg. 1997;63:940–943.

39. Brutsche MH, Tassi GF, Gyorik S, et al. Treatment of sonographically
stratified multiloculated thoracic empyema by medical thoracoscopy.
Chest. 2005;128:3303–3309.

40. Barmparas G, DuBose J, Teixeira PG, et al. Risk factors for empyema
after diaphragmatic injury: results of a national trauma databank analy-
sis. J Trauma. 2009;66:1672–1676.

DISCUSSION
Dr. Clay Cothren Burlew (Denver, Colorado): This is

a contemporary experience on the management of retained
hemothorax from a multitude of practicing institutions. Al-
though this is a timely topic, this multi-center observation
raises more questions than answers.

In reviewing the author list there is a wide range of
practices included, from Brazil to Santa Barbara, Dallas to D.C.,
and Scottsdale to Medellin, Columbia. Do you think these
groups had a different indication for CT scanning at different
institutions and, hence, a different identification rate of retained
hemothorax? In other words, aren’t we really picking up the
small retained hemothoraces that we missed a decade ago on
plain chest film due to the ubiquity of CT scanning at some
institutions? And, hence, is the categorization of a retained
hemothorax different at different institutions based upon their
local resources and the role of CT imaging?

On a related note do you feel that size classification of
the retained hemothorax impacts success rates? With 80
percent of the success in the observation group found in
patients with volumes of retained hemothorax less than
300ccs aren’t we really just saying that most of us don’t
intervene on a small amount of blood in the chest?

Regarding your empyema data, 27 percent of patients
developed empyema, an indication for an operation. By
including these patients in your overall analysis do you feel
this skews your results regarding intervention? By excluding
those patients with empyema from those undergoing opera-
tive intervention only 14 percent of patients in the study
population underwent operation for treatment of their
retained hemothorax. In relation to this, what were the con-
ditions of chest tube placement? Were they emergent? Semi-
elective? Placed in the Emergency Department, operating
room or in the ICU or ward? Do you think that type of
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placement and technique impacts the overall re-intervention
rate in these patients?

Perhaps most importantly, where do we go from here?
Several groups have proposed management algorithms in the
literature and I’m guessing that at least one or two of those
authors will be standing up to comment on your study. Based
upon your review and this study, what do you recommend as
a management protocol for retained hemothorax? What size
classification warrants an operation? And what should our
timing of intervention be? What is your list of future pro-
spective studies on this topic?

Again, I found this to be an interesting study. I look
forward to your future work on this topic. I’d like to thank the
Association for the privilege of discussing this manuscript.

Dr. Therese M. Duane (Richmond, Virginia): My
question is related to the antimicrobial use. How do you link
antimicrobials with the need for thoracotomy when it’s not
predictive of empyema and you didn’t include the concept of
the duration of chest tube placement when that is the biggest
risk factor? Thank you.

Dr. Peter Rhee (Tucson, Arizona): A quick question
on the denominator issue, whether you had any idea of how
many people who got chest tubes got retained hemothorax.

The second is the chest tube size: You know that there
is a push towards smaller chest tubes in trauma. As a result of
this have you changed your practice?

Dr. Ronald Gross (Springfield, Massachusetts): Back
to the antibiotic question, half of your patients got antibiotics
at the time of the thoracostomy placement. I’m going to
assume that all of your patients were given antibiotics peri-
operatively prior to the VATS. How do you relate the two with
respect to the development of the empyema?

And where do you go with respect to recommending
antibiotics or not? Cohen did a paper on this over a decade
ago. Are we reinventing the wheel?

Dr. Michael L. Hawkins (Augusta, Georgia): I’m
curious about your diaphragm injury. Was this associated
with intraabdominal problems also or strictly just that little
sheet of muscle that we call the diaphragm?

Regarding the diaphragm injury – were all of these
recognized and treated operatively initially? Were these iden-
tified at the time of VATS?

Dr. Norman McSwain, Jr. (New Orleans, Louisiana):
Now that you’ve identified that the volume of the blood clot
is important, do you routinely measure these? And if you do
not routinely measure them by CT scan, how are you using
the information for patient care?

Dr. Robert A. Maxwell (Chattanooga, Tennessee): I
enjoyed the paper. We published a multi-center trial spon-
sored by EAST about ten years ago. Basically, we showed
that antibiotics did not reduce the incidence of post-thoracostomy
empyema and we found that we grew out a lot of more resistant
bugs when they developed subsequent infections like VAP. So I’d
caution you with your enthusiasm in this trial of the antibiotic usage.
And I had two questions:

How many of those patients that got antibiotics got
them specifically for prophylaxis of the chest tube? And
how many got them for say orthopaedic prophylaxis?

Because there is a lot of confounding data when you
include patients that are so sick they often had to get
antibiotics for something else.

I thought your repeat procedure after initial VATS was
high relative to the experience of others. And I was wonder-
ing if you had any thoughts about why your repeat procedure
rate after an initial VATS was that high.

Dr. J. Wayne Meredith (Winston-Salem, North Car-
olina): To use your data I need to know an answer to a
different question than I think you asked and that is, of a
given size hemothorax without intervention what is the like-
lihood of that leading to (undistinguishable) or fibrothorax or
empyema, some need for decortication, not what is the
likelihood of the surgeon taking care of this patient deciding
to operate on them to evacuate a hematoma subsequently.

And – because that’s the endpoint we’re trying to
prevent. Do you have the tools to dissect that out from the
database that you have?

Dr. Joseph DuBose (Baltimore, Maryland): Thank
you, Dr. Britt. I will attempt to address all of these wonderful
questions. With regards to Dr. Cothren, I thank you again for
your wonderful review.

The categorization of these differences were very dif-
ficult. Obviously between centers there are certain things you
cannot correct for, including surgeon judgment.

I would say that based on our results I think that we all
agree that probably the small collections that we do as a
collective group, typically observe. Hopefully our data sup-
ports that that is an appropriate practice and that we may be
causing more problems by sticking a small drainage catheter
in when it’s not adequately indicated.

Empyema and the timing issue of empyema relative
to the procedure, or whether empyema was actually a
contributing indication for thoracotomy is a very important
question that we are subsequently in the process of exam-
ining.

As you mention, there were variances with regards to
thoracostomy placement techniques. Some of these were
placed in the operating room universally at many of these
centers, particularly our colleagues in South America and
some of them in Canada. Some of them were placed in the
emergency room by a surgical resident. Techniques, likewise
may certainly have varied. These differences were obviously
a limitation of our study.

With regards to a protocol and additional study, I do
think that we have now at least an early foundation to move
forward with additional prospective study validating a proto-
col. We look forward to collaborating on this endeavor. I
think one of the important things that we found and can
validate prospectively are those cut-offs for the CT estimation
and the validity of these values as an adjunct to the decision
process.

For Dr. Duane, I thank you for your question. With
regards to the antibiotic linkage and association with the need
for thoracotomy, your point is exceptionally well-taken.
Clearly, that is a limitation of this study.

There were several questions about antibiotics. I will
say that among the types of antibiotics used, the most com-
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mon choice was Ancef. But, again, we did not adequately
discern from our study design whether they had been given in
isolation for chest tube placement or for other indications.

Dr. Rhee, unfortunately we do not have the data for the
incidence of retained hemothorax in these populations. That
has remained an elusive question in trauma care.

In response to your second question, I have not person-
ally changed my practice in chest tube placement size based
upon our findings.

Dr. Gross, I believe I already spoke on the antibiotic
data. There was obviously a depth of data that we could have
collected that we did not and it was one of our limitations for
this study.

Dr. Hawkins, diaphragm injuries were noted in isola-
tion. We had collected abdominal AIS but not other specific
abdominal injuries. Obviously another limitation.

Dr. McSwain, we do – I do, personally–measure this.
This technique is exceptionally simple to use, even for a
trauma surgeon to estimate the volume of the size of the
collection. So I do utilize it in my thought processes and
perhaps our study validates this practice.

And I think I answered many of the questions from
our Chattanooga colleague. I apologize for not getting to
everyone.

The repeat procedures, obviously, were very high.
It’s one of the things that we do need to examine more
carefully.

And, finally, Dr. Meredith, your point is exceptionally
well-taken that perhaps the question we asked was needs to
be revised as we move on to additional study, including the
validation of prospective algorithms. We hope to provide you
an answer in the future meetings. Thank you.
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