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etained hemothorax (rHTX) requiring intervention occurs in up to 20% of patients who undergo chest tube (TT) placement for a
hemothorax (HTX). Thoracic irrigation at the time of TT placement decreases the need for secondary intervention in this patient
group but those findings are limited because of the single-center design. A multicenter study was conducted to evaluate the effec-
tiveness of thoracic irrigation.
METHODS: A
multicenter, prospective, observational studywas conducted between June 2018 and July 2023. Eleven sites contributed patients.
Patients were included if they had a TT placed for a HTX and were excluded if: younger than 18 years, TT for pneumothorax,
thoracotomy or video-assisted thoracoscopic surgery performed within 6 hours of TT, TT >24 hours after injury, TT removed
<24 hours, or death within 48 hours. Thoracic irrigation was performed at the discretion of the attending. Each hemithorax was
considered separately if bilateral HTX. The primary outcome was secondary intervention for HTX-related complications (rHTX,
effusion, or empyema). Secondary intervention was defined as: TT placement, instillation of thrombolytics, video-assisted
thoracoscopic surgery, or thoracotomy. Irrigated and nonirrigated hemithoraces were compared using a propensity weighted anal-
ysis with age, sex, mechanism of injury, Abbreviated Injury Scale chest, and TT size as predictors.
RESULTS: F
our hundred ninety-three patients with 462 treated hemothoraces were included, 123 (25%) had thoracic irrigation at TT place-
ment. There were no significant demographic differences between the cohorts. Fifty-seven secondary interventions were per-
formed, 10 (8%) and 47 (13%) in the irrigated and non-irrigated groups, respectively (p = 0.015). Propensity weighted analysis
demonstrated a reduction in secondary interventions in the irrigated cohort (odds ratio, 0.56 (0.34–0.85); p = 0.005).
CONCLUSION: T
his Western Trauma Association multicenter study demonstrates a benefit of thoracic irrigation at the time of TT placement for a
HTX. Thoracic irrigation reduces the odds of a secondary intervention for rHTX-related complications by 44%. (J Trauma Acute
Care Surg. 2024;97: 724–730. Copyright © 2024 Wolters Kluwer Health, Inc. All rights reserved.)
LEVEL OF EVIDENCE: T
herapeutic/Care Management; Level II.

KEYWORDS: C
hest tube; hemothorax; thoracic surgery; therapeutic irrigation.
T raumatic hemothorax (HTX) is reported to occur in approx-
imately 300,000 people annually, and the vast majority are

successfully managed with thoracostomy tube (TT) placement
alone.1,2 Thoracostomy tubes have been a staple of HTX man-
agement for decades, but when a TT fails to evacuate a HTX the
resulting collection may lead to significantly increased length of stay
(LOS), increased costs, and empyema or fibrothorax.3–5 Generations
of surgeons have debated the best way to treat a HTX. Studies re-
garding the appropriate size of TT, the number of TTs to place,
and the use of image guidance have all been performed to reduce
the rate of retained HTX (rHTX)6,7 but the incidence of rHTX has
remained around 20% for years.1,7,8

Out of concern for the aforementioned complications, the
abundance of trauma research has focused on the treatment of
the rHTX.9–11 Compared with traditional thoracotomy, video-
assisted thoracoscopic surgery (VATS) revolutionized the treat-
ment of rHTX by decreasing the operative morbidity, which
made early intervention more appealing.11–13 Unfortunately, VATS
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has its own drawbacks including the need for general anesthe-
sia, increased costs, and operating room availability. Given
these limitations, surgeons began exploring different ways to
improve the initial HTX drainage because once blood clots in
the chest, it will not drain regardless of the number or size of
the TT placed.2

Two techniques have been studied to decrease rHTX rates:
Yankauer suction evacuation (YATS) of the chest before place-
ment of the TT and thoracic irrigation with a liter of normal sa-
line instilled via the TT. Yankauer suction evacuation was suc-
cessful in a small pilot study,14 but was not found to improve
rHTX rates in a larger study.15 In 2016, a pilot study on the
use of thoracic irrigation was performed, and the results were
confirmed by a larger, prospective comparison study.16,17 That
single-center study demonstrated a significantly lower second-
ary intervention rate when compared with the nonirrigated co-
hort, 5.6% versus 21.8%, respectively.17 Given these promising
results, a multi-center study was planned to further evaluate the
Mission Health, Ashville, North Carolina; Division of Trauma and Surgical Crit-
ical Care (J.J.B., M.J.S.), University of Pennsylvania School of Medicine,
Philadelphia, Pennsylvania; and Division of Biostatistics (R.D.C., A.S.), Institute
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hypothesis that thoracic irrigation would lead to a significant
decrease in reintervention rates for rHTX.

MATERIALS AND METHODS

The Western Trauma Association Multi-Center Trials
Group performed a prospective, observational study comparing
a nonirrigation control arm with a thoracic irrigation experimen-
tal arm from June 2018 to July of 2023. All trauma patients
18 years or older, presenting within 24 hours of blunt or penetrating
injury resulting in traumatic hemothorax or hemopneumothorax,
were eligible for enrollment. Patients were excluded from analysis
if they were younger than 18 years of age, presented >24 hours after
injury, had their TT placed >24 hours after injury, had TT placed for
isolated pneumothorax, underwent thoracic surgery (either open or
VATS) within 6 hours of TT placement, had an initial TT placed at
a different institution, had the TT removed in <24 hours, or died
within 48 hours of arrival.

Thoracostomy tube indications, procedural techniques,
and management were left to the discretion of the individual
sites in accordance with their institutional guidelines. Thoracic
irrigation, when performed at the time of the initial TT place-
ment, was done at the attending trauma surgeon’s discretion.
All sites were provided with detailed instructions on the irriga-
tion technique, as described by Kugler et al.,17 but monitoring
for procedural compliancewas not performed.While the general
recommendation was to irrigate with 1,000 mL of warmed NS,
patients were not excluded if a different volume was used.

The primary outcome for this study was the necessity of a
secondary intervention to treat HTX-related complications
(rHTX, recurrent/enlarging effusion, or empyema). Secondary
intervention was a composite outcome defined as placement of
an additional TT, replacement of a TT, instillation of thrombolytics,
and/or performance of a VATS or thoracotomy. Secondary inter-
ventions were screened according to indication in collaboration
with each site's principal investigator (PI). Only those directed
at management of rHTX (or complication) were considered in
the analysis as our primary outcome. Specifically, interventions
performed for persistent air leaks or pneumothorax were not
considered as a secondary intervention. Similarly, VATS or
Figure 1. Distribution of patients from contributing sites.
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thoracotomy for rib stabilization or for diaphragm repair was
not considered as a secondary intervention even if a rHTX was
encountered. Secondary outcome measures included develop-
ment of empyema, LOS, and TT duration.

To determine the experimental cohort, a sample size cal-
culation was performed utilizing a one-side sample z-test with
an alpha of 0.05 and 80% power. Using historic and experimen-
tal data, a power analysis utilizing 10% and 20% secondary in-
tervention rates for the irrigation and standard cohorts, respec-
tively, was performed. Based on a 50% reduction in secondary
interventions, 108 patients would be needed within the irrigation
cohort. A propensity score analysis was planned with an antici-
pated 25% rate of thoracic irrigation. An a priori decision by the
study PI limited the coordinating site's irrigated cohort to <50%
to improve the representation of other institutions.

The data at each participating site were collected by a
member of the site-specific study team and entered into a Re-
search Electronic Data Capture (REDCap) database specifically
created for this project. Data were transferred from participating
sites to the coordinating site via REDCap. All data entered into
REDCap and transferred between sites were deidentified. Vari-
ables extracted by each institution included the following: demo-
graphics, trauma-specific details (mechanism of injury [MOI],
number of rib fractures, presence of bilateral injuries, chest Abbre-
viated Injury Scale [AIS]), TT specific details (TT size, initial and
daily TT output, duration of TT), thoracic irrigation details (initial
output, volume irrigated, fluid removed following irrigation), radio-
graphic findings (before/after TT placement and until TT removal
when available), hospital specific outcomes (intensive care unit
[ICU]/hospital length of stay, discharge disposition), 30-day out-
comes (outpatient clinic or ED visits, imaging, readmission), and
occurrence/indication for secondary intervention. Each hemithorax
was considered separately when bilateral HTX were present.

Univariate analysis was performed using Wilcoxon rank-
sum test and χ2 test with Rao & Scott's second-order correction
for continuous and categorical variables, respectively. Propen-
sity score methods were also used to adjust for potential selec-
tion bias in this comparative study. Propensity scores were esti-
mated using a logistic regression model with age, sex, MOI,
chest AIS, bilateral TT, and TT size as predictors. The predicted
© 2024 Wolters Kluwer Health, Inc. All rights reserved.
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probabilities were then used to obtain the weights as the inverse
probability of treatment. Data were analyzed using a weighted
logistic regressionmodel for the categorical outcome (secondary
intervention) and aweighted linear regression model for the log-
transformed numeric outcomes (TT duration, ICU length of stay,
hospital length of stay). Cluster-robust standard errors were used
in the regression models to account for within-site correlation.
This approach also adjusts for the within-subject correlation
for bilateral hemothoraces, as those are nested within site. Anal-
yses were performed using SAS 9.4 (SAS Institute, Cary, NC),
using the Surveyfreq and Surveyreg procedures for the propen-
sity-weighted regression models.

This study was approved by the institutional review board
of the coordinating site (PRO00029527). All participating cen-
ters received approval through their respective Institutional Re-
view Boards with a waiver of consent and HIPAA authorization.
This study was conducted following the STROBE guidelines
(Supplemental Table 1, http://links.lww.com/TA/D782).

RESULTS

Over the 5-year period, 11 sites contributed 493
hemithoraces (462 unique patients) that met inclusion criteria.
One hundred twenty-three (25%) hemithoraces were irrigated
Figure 2. CONSORT diagram of included subjects.

© 2024 Wolters Kluwer Health, Inc. All rights reserved.
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at the time of TT placement and 370 (75%) non-irrigated chests
were utilized as controls (Fig. 1). The breakdown of included
and excluded patients can be found in the CONSORT diagram
(Fig. 2). The characteristics and demographics of the subjects
are shown in Table 1. The median age of the cohort was 40 (inter-
quartile range [IQR], 29–60), 83%were male, and 42% suffered
a penetrating injury. Median Injury Severity Score (ISS) was 18
(IQR, 13–29) and 32% of the group had an AIS chest score >3.
Twenty-five patients (5.1%) died within 48 hours of arrival.

Eighty-nine percent of patients had a TT size of ≥28Fr
and the median duration of the initial TT was 4 days (IQR,
3–6). The first day TT output median was 300 mL (IQR,
111–620), which was similar between groups. Initial TT output
(only recorded in the irrigated group) median volume was
250 mL (IQR, 100–500). Fifty-one percent had an initial evacu-
ated volume of ≥300 mL. Most patients were irrigated with
1,000 mL of saline but 24% of the group received <1000 mL
of irrigation and 12% were irrigated with >1000 mL.

On univariate analysis, no significant differences between
groups were found in any of the demographic or injury charac-
teristics, aside from a statistical but clinically insignificant differ-
ence in ISS and ICU LOS (Table 1). Eleven empyemas were
identified but no significant difference was seen between
groups. A total of 57 (12%) secondary interventions were
727
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TABLE 1. Demographics and Characteristics of Study Cohorts

Characteristics Overall, N = 493 (462 Unique) Irrigated, n = 123 Nonirrigated, n = 370 p

Age 40 (29, 60) 40 (30, 59) 38 (29, 59) 0.3

Sex, male 408 (83) 97 (79) 311 (84) 0.2

Race 0.2

White 306 (62) 76 (62) 230 (62)

Black 121 (25) 41 (33) 80 (22)

Other 35 (13) 6 (5) 60 (16)

BMI 26.6 (23.5, 30.0) 26.5 (22.9, 29.4) 26.6 (23.6, 30.2) 0.4

Penetrating injury 207 (42) 55 (45) 152 (41) 0.7

ISS 18 (12, 29) 18 (10, 25) 18 (13, 29) 0.04

AIS chest score >3 144 (32) 40 (35) 104 (31) 0.4

TT size, Fr 28 (28, 28) 28 (28,28) 28 (28,28) 0.7

≥ 28Fr 425 (89) 113 (92) 312 (84) 0.3

Day 1 TT output, mL 300 (111, 600) 300 (142, 650) 270 (103, 600) 0.8

Initial TT d 4 (3, 6) 4 (3, 6) 4 (3, 6) 0.6

ICU LOS, d 3 (1, 7) 3 (0, 6) 3 (2, 8) 0.02

Total LOS, d 8 (5, 16) 7 (5, 14) 8 (5, 18) 0.3

Death 25 (5) 6 (5) 20 (5) 0.9

Empyema 11 (2.2) 4 (3.3) 7 (1.9) 0.4

Secondary intervention 57 (12) 10 (8) 47 (13) 0.015

2ndTT 27 (47) 3 (30) 24 (51) 0.15

Thrombolytics 3 (5) 1 (10) 2 (4) 0.44

VATS/Thoracotomy 27 (47) 6 (60) 21 (45) 0.29

Multiple 9 3 6 —

Data displayed either median (Q1, Q3) or n (%).
BMI, body mass index.
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performed. A statistically significant difference in secondary in-
terventions between the irrigated and nonirrigated groups was
noted (8% vs. 13%, p = 0.01, respectively). The most common
secondary interventions were additional TT (47%) and VATS
(37%) (Table 1). Only six thoracotomies were performed, one
in the irrigated group. Although 22 of 25 additional TTs were
placed in the nonirrigated group, this difference did not meet sta-
tistical significance.
TABLE 2. Demographics and Outcomes in Secondary Intervention C

Characteristics No Intervention, n = 436

Age 40 (29, 60)

Sex, male 362 (83)

Race

White 279 (64)

Black 106 (24)

Other 48 (12)

Penetrating injury 184 (42)

ISS 18 (11, 27)

AIS chest score >3 119 (30)

TT size, Fr 28 (28, 28)

≥ 28 367 (87)

Day 1 TT output, mL 300 (101, 615)

TT duration, d 4 (3, 6)

ICU LOS, d 3 (0, 6)

Total LOS, d 8 (5, 16)

Data displayed either median (Q1, Q3) or n (%).
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Analysis of the subset of patients that required a second-
ary intervention is shown in Table 2. Aside from race and AIS
chest score >3, no other significant differences were identified
in the demographic or injury characteristics. Not surprisingly,
patients undergoing a secondary intervention had significantly
longer hospital LOS (15 vs. 8 days, p = 0.01).

The propensity score analysis is shown in Table 3. The
odds ratio for secondary intervention was 0.56 (95% confidence
ohort

Secondary Intervention, n = 57 p

38 (31, 58) 0.9

46 (81) 0.7

0.08

27 (47)

15 (26)

13 (25)

23 (40) 0.8

19 (13, 33) 0.3

25 (48) 0.03

28 (28, 28) 0.8

57 (100) 0.3

305 (140, 900) 0.2

4 (3, 5) 0.4

5 (2, 13) 0.07

15 (7, 34) 0.01

© 2024 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 3. Propensity Scores Parameter Estimates

Variables OR (95% CI) p

Age 1.0 (0.99–1.02) 0.53

Sex 1.45 (0.83–2.46) 0.17

MOI 0.79 (0.49–1.28) 0.32

AIS chest score 0.78 (0.5–1.22) 0.28

Bilateral TT 1.69 (0.81–3.34) 0.15

TT size (continuous) 1.01 (0.96–1.07) 0.72

Secondary intervention OR estimate

Irrigated vs. nonirrigated 0.56 (0.35–0.85) 0.005

J Trauma Acute Care Surg
Volume 97, Number 5 Carver et al.
interval, 0.34–0.85 p = 0.005) when irrigation was performed.
Weighted linear regression identified an association with fewer
ICU days in patients undergoing irrigation (log-scale estimate
−0.23, fold-change 0.76, p = 0.03) but no significant association
with TT duration or hospital LOS was found.

DISCUSSION

Several years ago, a method was developed to irrigate the
thoracic cavity with warmed normal saline to decrease the rate of
complications related to a rHTX. What started as a pilot study,
became a 60-patient prospective, observational study, and
ultimately a WTA multi-center study of over 450 patients. This
study has demonstrated that thoracic irrigation decreases
the odds of requiring a secondary intervention rate for rHTX
by 44%.

A recent EAST multicenter study highlighted the ongoing
challenges associated with management of traumatic HTX.1

Prakash et al. demonstrated a 28.7% rate of rHTX among 17
centers. They found that AIS chest, penetrating mechanism,
and amount of blood on initial CT scan to all be significantly as-
sociated with rHTX. Those with a rHTX had longer ICU and
hospital LOS, more ventilator days, and higher pneumonia rates.
Finally, they found that 67% of patients with a rHTX underwent
another intervention.1 These outcomes emphasize the impor-
tance of prevention when managing patients with a HTX.

Hemothorax management continues to evolve, and sev-
eral important studies have been published recently. Observation
may be appropriate for some people with a HTX, especially if
the HTX is small (<300 mL), but quantification of HTX size
is not universally performed.18,19 Interestingly, even when
a < 300 mL HTX was managed with a chest tube, a rHTX oc-
curred in 23% of patients.1 In this current study, there were 57
irrigated patients that had recorded initial output of <300 mL
but only six of them (10.5%) required a secondary intervention,
suggesting that there may be a benefit to irrigation even when a
small HTX is encountered.

Only a handful of recent publications have focused on
strategies to reduce the rHTX rate, including two that explored
directly inserting a Yankauer into the chest cavity to more effec-
tively drain the HTX.While YATSwas found to be promising in
a small pilot study,14 Savage and colleagues found no benefit
when compared with a historical cohort.15 While YATS was
used sporadically within the current study, utilizations rates were
not obtained. Only one other institution has published regarding
thoracic irrigation for the prevention of rHTX.20 This group did
© 2024 Wolters Kluwer Health, Inc. All rights reserved.
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not find a decreased rate of secondary intervention; however,
they did note a decrease in LOS. One of the clearest distinctions
to account for the conflicting thoracic irrigation findings is that
Crankshaw's group used <1000mL ofNS in almost 60% of their
patients. In the current multicenter study, only 24% of patients
were irrigated with <1,000 mL and volume of irrigation did
not appear to correlate with outcome.

Awide variety of TT sizes were used, sometimes within in-
dividual institutions. Size of TT placed for HTX drainage has
evolved significantly in the past 15 years, with a shift away from
the dogmatic placement of size 36 to 40 Fr TT placement in re-
sponse to Inaba et al.'s paper in 2012.21 Ongoing studies on the
use of 14 Fr pigtail catheters have further challenged the size con-
sideration in management of traumatic HTX.22,23 While there is
some data to suggest that TT size has no relation to development
of rHTX, there is no clinical data regarding the impact of thoracic
irrigation through a small-bore TT.24 Size of TTwas not associ-
ated with a difference in need for secondary intervention but, only
10 irrigated patients had a TT <28 Fr (and only three 14-Fr tubes),
making it difficult to infer the impact of thoracic irrigation on
rHTX rates when a small-bore TT is used.

In the current study, the most common secondary inter-
vention was placement of an additional TT and VATS. Only
three irrigated patients underwent second TT placement. One
may argue that placing an additional TT does not provide an
advantage,25 but placement of an additional TTwas successful
79% of the time in the current study. That said, the management
of a rHTX was not the focus of this study and prior research has
shown that operative management results in significantly better
treatment outcome.8,11,12

There are several limitations to this study that must be ad-
dressed, most importantly the lack of randomization. The time-
sensitive nature of trauma care often precludes informed con-
sent, and this study would not have been feasible if we had tried
to obtain consent and randomize. While propensity scoring is a
well-described technique to help overcome the limitations asso-
ciated with a nonrandomized trial, the potential for selection bias
still exists. In addition, the fact that the intervention group was
not blinded to study staff allows for additional treatment biases
and other confounders. Patients undergoing an operative chest
intervention within 6 hours were excluded because these pa-
tients were felt to represent a group of patients with ongoing
bleeding or a diaphragm injury. The decision to perform opera-
tive intervention for a rHTX is usually not made without at least
several hours of observation but the decision to exclude this
group could have underestimated the rate of secondary interven-
tion. There are several institutional differences that could not be
controlled for, including why a TTwas placed, whether irrigation
was performed, technique used for irrigation, or which second-
ary intervention was done. Another limitation is that initial TT
output was not quantified in the non-irrigated patients. We did
collect day 1 TT output, but this was not standardized into 24-
hour periods, which could lead to an overestimation or underes-
timation of the total 24-hour volume. Volumetric analysis was
not performed when CT scans were available. Similarly, there
was no attempt to quantify volume of rHTX that led to a second-
ary intervention. When an additional TTor surgical intervention
was performed, each institution's PI was contacted to confirm
the indication for the intervention. If there was ambiguity
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regarding the indication, the default of the study PI was to not
count that as a secondary intervention, which was almost always
to the benefit of the non-irrigated cohort. This decision could
have led to an underestimation of the effectiveness of irrigation.

CONCLUSION

In this WTAmulticenter study, thoracic irrigation resulted
in a 44% reduction in the odds of requiring a secondary inter-
vention for rHTX and was also associated with a decrease in
length in ICU stay. This study has confirmed the findings of a
previous single-center study and provides evidence that we can
improve the care of patients being treated for a HTX. Further
studies may help identify the patient population most likely to
benefit from thoracic irrigation, but the efficacy of the procedure
may justify adoption.
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