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a b s t r a c t

Background: Traumatic hemothorax is a common injury that invites diagnostic and management
strategy debates. Evidence-based management has been associated with improved care efficiency.
However, the literature abounds with long-debated, re-emerging, and new questions. We aimed to
consolidate up-to-date evidence on traumatic hemothoraces, focusing on clinical conundra debated in
literature.
Methods: We conducted a scoping review of 21 clinical conundra in traumatic hemothorax diagnosis and
management according to PRISMA-ScR guidelines. Experimental and observational studies evaluating
patients (aged �18 years) with traumatic hemothoraces were identified through database searches
(PubMed, EMBASE, Web of Science, Cochrane Library; database inception to Sep, 26 2020) and bibli-
ography reviews of selected articles. Three reviewers screened and selected articles using standardized
forms.
Results: We screened 1,440 articles for eligibility, of which 71 met criteria for synthesis. The review
comprises 6 sections: (1) Presumptive antibiotics before tube thoracostomy; (2) Initial diagnostic and
intervention decisions; (3) Chest tubes; (4) Retained hemothoraces; (5) Delayed hemothoraces; and (6)
Chest tube removal). The 21 conundra across these sections follow the format of a question, our
recommendation based on interpretation of available evidence, and succinct rationale. Rationale sections
detail knowledge gaps and opportunities for future research.
Conclusion: Even practices engrained into surgical dogma, such as obtaining chest x-rays after inserting
or removing chest tubes and mandating operation for patients who develop chest tube output above a
certain threshold, deserve re-evaluation. Some knowledge gaps require rigorous future investigation;
sound clinical judgment can likely supplement others.

© 2021 Elsevier Inc. All rights reserved.
Introduction

Traumatic hemothorax is a common injury identified and
managed during resuscitation. Massive hemothoraces compro-
mising ventilation or circulation require immediate intervention,
but other hemothoraces invite diagnostic and management strat-
egy debates. The Eastern Society for the Surgery of Trauma (EAST)
and the American Association for the Surgery of Trauma (AAST)
, H3591, Stanford, CA 94305.
have conducted multiple studies to update evidence for manage-
ment of traumatic hemothoraces,1e6 which have been associated
with reduced interventions and improved care efficiency.7,8

Despite existing guidelines, traumatic hemothorax literature
abounds with long-debated (eg, presumptive antibiotics before
tube thoracostomy),3,9,10 re-emerging (eg, delayed hemothoraces
[dHTX])11e14 and new (eg, chest tube thoracic irrigation to mitigate
retained hemothoraces [rHTX])15 questions. Scoping reviews are
ideal tools to evaluate expansive bodies of evidence and identify
knowledge gaps.16,17 Scoping review of traumatic hemothoraces
may help clinicians align practice with evidence and direct targeted
research agenda. Even practices engrained into surgical dogma and
widely taught by Advanced Trauma Life Support, such as obtaining
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chest x-rays (CXR) after inserting or removing chest tubes and
mandating operation for patients who develop chest tube output
above a certain threshold, deserve re-evaluation.

We aimed to consolidate up-to-date evidence on traumatic
hemothoraces, focusing on clinical conundra debated in literature.
We selected studies systematically and present a succinct review
highlighting 21 conundra. We hope conundrum-focused assess-
ment of evidence and knowledge gaps can facilitate evidence-
based practice adoption and guide future discoveries.

Methods

Study selection

We defined conundra as “challenging questions,” from the
perspective of a surgeon who may encounter hemothoraces in
practice but is not an expert on hemothorax literature. We defined
21 conundra through peer discussion before literature review, ac-
cording to subjective knowledge of ongoing debates and knowl-
edge gaps in hemothorax literature (J.C., D.A.S., J.D.F.).

We conducted a scoping review of management of traumatic
hemothoraces according to scoping review guidelines.16e18

Supplementary Table S1 contains our Preferred Reporting Items
for Systematic reviews and Meta-Analyses extension for Scoping
Reviews (PRISMA-ScR) checklist.18 A research librarian (C.W.)
designed and performed searches of 4 bibliographic databases: (1)
PubMed, (2) EMBASE, (3) Web of Science, and (4) the Cochrane
Library (Supplementary Table S2). Eligible studies included exper-
imental and observational studies evaluating adult patients (aged
�18 years) with traumatic hemothoraces and published in English
(from database inception to September 26, 2020). We excluded
animal and cadaver studies (we aimed to evaluate evidence from
clinical practice), studies of children (aged <18 years), case studies,
conference abstracts, and commentaries.

We uploaded selected studies to Covidence, a Cochrane-
sanctioned web-based application that facilitates screening. Two
reviewers (J.V. and W.A.) screened eligible studies and identified
studies relevant for answering 21 conundra (Table I) using stan-
dardized forms. A third reviewer (J.C.) resolved disagreements. We
reviewed bibliographies of selected studies to identify additional
relevant studies.

Scoping review strategy

We report study design, population size, and effect sizes (eg,
odds ratio [OR] with 95% confidence intervals [CI]) for significant
findings. We did not doubly describe primary studies subsequently
synthesized within meta-analysis. Some conundra (eg, necessity of
graduated chest tube removal) could only be answered by studies
comprising patients with concurrent pneumothoraces. In these
cases, we specify proportion of patients with isolated hemo-
thoraces and report hemothorax subgroup-specific results when
available. All conundra follow the format of a question, recom-
mendation (our interpretation of available evidence), and succinct
rationale. When appropriate, rationale specifies knowledge gaps
and opportunities for future research. This study did not meet
criteria for review by Stanford University Institutional Review
Board.

Methodologic limitations

We identified studies systematically and supplemented relevant
studies through bibliography reviews, but our search likely did not
capture all available evidence that 21 distinct systematic reviews
would have consolidated. Our “recommendations” are subjective
interpretations of available evidence. Absence of methodologic
quality appraisal is a limitation of scoping reviews, but we detail
objective rationale to facilitate others deriving their own
interpretations.17
Results

A total of 1,440 studies underwent screening for eligibility; 71
studies, including 4 identified from bibliography review, were
included in our evidence synthesis Figure I.
Presumptive antibiotics before tube thoracostomy

Should presumptive antibiotics be administered to decrease
incidence of infectious complications?

Recommendation. Presumptive antibiotics are likely unnecessary;
performing tube thoracostomy under sterile condition is likely
more important.
Rationale. A meta-analysis of 11 randomized controlled trials
(RCTs) (RCT; inclusive of all RCTs synthesized by Sanabria et al)
concluded presumptive antibiotics decrease rates of empyema (OR
[95% CI]: 0.3 [0.2e0.6]) and overall infections (OR [95% CI]: 0.2
[0.1e0.5]), but not pneumonia.9,10 A third systematic review con-
tested there is insufficient high-quality evidence to support pre-
sumptive antibiotic use.3 Two subsequent prospective
observational multi-center studies re-visited this question.4,19 In
the first study (20 trauma centers, N ¼ 238 patients with rHTX),
presumptive antibiotics was associated with lower odds of devel-
oping pneumonia (OR [95% CI]: 0.4 [0.2e0.8]).4 In the second (23
trauma centers, N ¼ 1887) study, there were no associations be-
tween presumptive antibiotics and odds of developing empyema or
pneumonia.19 Many patients undergoing tube thoracostomy
develop pneumonia (hemothorax: up to 15%,19 rHTX: up to 46%4),
but a causal relationship between tube thoracostomy and pulmo-
nary infection has not been established. Presumptive antibiotics are
not given for similar procedures (eg, urinary catheter and central
line insertion) and we suspect performing tube thoracostomy un-
der sterile condition is likely more important than administration
of antibiotics.
If presumptive antibiotics are administered before tube
thoracostomy, is there an ideal antibiotic regimen, dosage, or
duration?

Recommendation. If presumptive antibiotics are used, a single dose
of cefazolin before tube thoracostomy is likely sufficient.
Rationale. Two meta-analyses supporting presumptive antibiotics
synthesized variable antibiotic strategies (eg, Bosman et al: 8 an-
tibiotics, 3 drug classes, 7 dosages, and 3 antibiotic durations).9,10

Two prospective multi-center studies reported 12 and 14
different antibiotics; cefazolin was most common, but dosage and
duration varied.4,19 Of note, an RCT (N ¼ 188, penetrating injury
victims) reported similar pneumonia and empyema rates between
patients receiving single-dose, presumptive intravenous ampicillin
and those on additional oral prophylaxis as long as the chest tube
was in place.20 Lack of a placebo arm precluded ascertaining am-
picillin’s clinical utility. Given the unclear benefit of presumptive
antibiotics and the importance of antibiotic stewardships, if pre-
sumptive antibiotics are desired, a single dose of cefazolin before
tube thoracostomy is likely sufficient.



Table I
Clinical conundra in traumatic hemothorax diagnosis and management

Section Conundrum

Presumptive antibiotics before tube
thoracostomy

Should presumptive antibiotics be administered to decrease incidence of infectious complications?

If presumptive antibiotics are administered before tube thoracostomy, is there an ideal antibiotic regimen, dosage, or
duration?
Does blunt or penetrating injury mechanism affect presumptive antibiotic efficacy for tube thoracostomy?

Initial diagnostic and intervention decisions Among blunt injury victims, how should occult hemothoraces be managed?
What is bedside ultrasound’s role for diagnosing hemothoraces?
What initial chest tube output mandates surgical intervention?

Chest tubes Does chest tube size affect outcomes?
Does chest tube insertion site or trajectory influence secondary intervention rates?
Should confirmatory CXR follow tube thoracostomy?
Does placing chest tubes on suction or water seal affect outcomes?

rHTX What are the risk factors for rHTX?
What is the optimal lytic therapy regimen for rHTX?
What is the role of VATS compared to tube thoracostomy or lytic therapy for rHTX?
When is the ideal time to perform VATS for rHTX?

dHTX What is the incidence of dHTX among patients with blunt thoracic injuries?
What is the etiology and presenting symptoms of dHTX?

Chest tube removal Is a graduated chest tube removal (suction to water seal to clamp trial) necessary?
Is it unsafe to remove chest tubes in patients on positive pressure ventilation?
Should chest tubes be removed at end-inspiration or end-expiration?
Is a confirmatory CXR required after chest tube removal?

CXR, chest x-ray; dHTX, delayed hemothoraces; rHTX, retained hemothoraces; VATS, video-assisted thorascopic surgery.
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Does blunt or penetrating injury mechanism affect presumptive
antibiotic efficacy for tube thoracostomy?
Recommendation. Presumptive antibiotics are likely unnecessary,
regardless of injury mechanism.

Rationale. Few studies evaluating presumptive antibiotics for tube
thoracostomy delineate injury mechanism. In a subgroup analysis,
1 meta-analysis reported presumptive antibiotic was associated
with reduced odds of overall infection among penetrating (OR [95%
CI]: 0.3 [0.1e0.6]) but not blunt injury patients.10 A prospective
multi-center study reported blunt injury to be an independent risk
factor for developing pneumonia among patients with rHTX but did
not delineate antibiotic efficacy based on injury mechanism.4

Initial diagnostic and intervention decisions

Among blunt injury victims, how should occult hemothoraces be
managed?
Recommendation. A majority of occult hemothoraces can likely
undergo expectant management.

Rationale. Hemothoraces are increasingly diagnosed in the era of
frequent computed tomography (CT) scans for injured patients.
Occult hemothoraces are defined as hemothoraces visible on CT but
not on CXR. A planned secondary analysis of 2 prospective studies
(N ¼ 384) reported that 80% of hemothoraces among blunt injury
victims are occult.21 Half of patients with occult hemothoraces
underwent tube thoracostomy due to practice pattern rather than
necessity. Two retrospective studies aimed to delineate occult
hemothoraces that require tube thoracostomy but acknowledged
they had characterized practice patterns (eg, decision to perform
tube thoracostomy) rather than physiologic need for tube thor-
acostomy.22,23 One reported all hemothoraces measuring >3 cm in
pleural gutters (CT axial view) underwent tube thoracostomy,22

whereas another reported no significant differences in chest tube
output or duration between occult and non-occult hemothoraces.23

With tube thoracostomy complication rates approaching
20%,24,25 there is emerging interest in selective expectant man-
agement of hemothoraces. One retrospective study (N ¼ 635, 67%
with hemothoraces <300 mL) reported no incidence of empyema
after expectant hemothorax management.26 A meta-analysis of 6
studies (N ¼ 1405) reported that 77% of occult hemothoraces un-
dergo successful expectant management.27 A prospective study
(N ¼ 67) reported an 83% expectant management success rate,
which was not affected by concurrent occult pneumothoraces.28

Retrospective studies report risk factors of expectant manage-
ment failure to be older age and larger hemothoraces (�300 mL or
>1.5 cm pleural gutter fluid thickness on axial view).29,30 Patients
who fail expectant management and undergo delayed tube thor-
acostomy may not necessarily experience higher mortality or
morbidity compared to those undergoing early tube
thoracostomy.29

Radiographically defining occult hemothoraces can be
misleading: occult hemothoraces comprise variable volumes and
risks for hemothorax progression. Futures studies should define
hemothoraces that can undergo expectant management by incor-
porating physiologic, injury mechanism, anatomic, and patient
considerations.
What is bedside ultrasound’s role for diagnosing hemothoraces?

Recommendation. Ultrasound may be a valuable screening and
prognostication tool for hemothoraces during primary surveys.
Rationale. A meta-analysis (N ¼ 449) reported ultrasound has 60%
sensitivity and 98% specificity for diagnosing hemothoraces;31 a
prospective study (N ¼ 142) reported 13% sensitivity and 98%
specificity.32 However, CTdwhich also detects clinically insignifi-
cant occult hemothoracesdwas the gold standard for assessing
ultrasound sensitivity. Low sensitivity of ultrasound may represent
a favorable failure to detect clinically insignificant hemothoraces.
Pleural margins are routinely visualized during Focused Assess-
ment with Sonography for Trauma; evaluating whether hemo-
thorax volumes measured on ultrasound can predict expectant
management failure should be studied. One retrospective study
(N ¼ 84) reported that using ultrasound was associated with fewer
non-therapeutic (<500 mL total chest tube output) tube
thoracostomies.33
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Fig. 1. PRISMA flow diagram of studies included in evidence synthesis. PRISMA, Preferred Reporting Items for Systematic reviews and Meta-Analyses extension.
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What initial chest tube output mandates surgical intervention?

Recommendation. A singular threshold output should not guide the
decision to operate.

Rationale. A multi-center retrospective case series of patients with
hemothoraces who underwent urgent thoracotomy (N ¼ 157) re-
ported 3 times higher mortality among patients with 1,500 mL
compared to 500 mL of chest tube output.34 Although authors
presented associations between mortality and chest tube output
among patients who underwent urgent thoracotomy, the findings
have been misinterpreted to become the basis for the recommen-
dation to perform thoracotomy for initial chest tube output >1500
mL. This recommendation permeates trauma literature including
Advanced Trauma Life Support guidelines. However, an inclusion
criterion (undergoing urgent thoracotomy), by definition, cannot be
a predicted outcome. Moreover, retrospective studies can only
elucidate risk factors for the decision to operate rather than the need
to operate. Study design challenges (ie, sufficiently measuring and
controlling for important confounders, such as time from injury to
tube thoracostomy) and ethical considerations preclude validating
a single threshold output. Sound clinical judgment based on clinical
trends, chest tube output trends, and injury pattern can inform the
decision to operate.

Chest tubes

Does chest tube size affect outcomes?

Recommendation. Smaller chest tubes have similar outcomes as
larger chest tubes.
Rationale. Studies most commonly categorize 28 Fr or 32 Fr chest
tubes (range: 28 Fre40 Fr) as large-bore, and 14 Fr chest tubes
(range: 8 Fre22 Fr) as small-bore. Studies to date (5 retrospective, 1
prospective cohort) report similar initial output volumes, drainage
rates, and overall complication rates for patients undergoing small-
and large-bore tube thoracostomies.35e40 No study assessed tube-
site-specific pain between small- and large-bore tubes. Selection
bias (eg, older and more clinically stable patients received small-
bore tubes) and variable time to tube thoracostomy confound as-
sociations between chest tube size and outcomes.

Does chest tube insertion site or trajectory influence secondary
intervention rates?

Recommendation. As long as chest tubes are in the pleural space,
insertion site and trajectory (apical versus caudal) likely do not
influence secondary intervention rates.

Rationale. A retrospective study (N ¼ 297) reported chest tube
insertion site (80% inserted in fiftheseventh intercostal space) did
not affect secondary intervention rates if tubes were in the pleural
space.41 Another retrospective study (N ¼ 88) found no difference
between secondary intervention or complications rates between
tubes placed in the secondethird intercostal space (midclavicular
line) and fourthefifth intercostal space (midaxillary line).42 A
retrospective study (N ¼ 458) categorized tube trajectory as “ideal”
(apical course) or “nonideal” (medial or caudal course); authors
concluded tube trajectory does not influence secondary interven-
tion rates.43 Offsetting skin incision and pleurotomy (to facilitate
tract closure after tube removal) and avoiding lower rib insertion
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(risk of intra-abdominal insertion) remain important
considerations.

Should confirmatory CXR follow tube thoracostomy?
Recommendation. Beyond clinical examination, confirmatory CXR
is unlikely to change management for appropriately functioning
chest tubes.

Rationale. Confirmatory CXR is routinely obtained after tube thor-
acostomy confirm accurate position. However, for hemothoraces,
intrapleural placement likely suffices, and CXR may not be reliable
for detecting malpositioned tubes. A retrospective study (N ¼ 76)
reported that CXR detected only 21% of malpositioned (intra-
parenchymal or intrafissure) chest tubes seen on CT.44 Another
retrospective study (N ¼ 1042; 75% penetrating injury victims)
reported that 15% of patients had post-tube thoracostomy man-
agement “influenced by” confirmatory CXR.45 However, excluding
patients with persistent symptoms or tube dysfunction that would
have prompted CXR (eg, non-draining tube), only 4% (kinked or too
deep [subjectively too close to mediastinum]) underwent tube re-
adjustment and 1% (too shallow or wrong side) underwent new
tube thoracostomy. CXR is not required to detect tube depth or
sidedness. Of note, both studies comprised patients with hemo-
thoraces and pneumothoraces and did not delineate findings for
patients with isolated hemothoraces. Among asymptomatic pa-
tients with chest tubes, confirmatory CXR after tube thoracostomy
is likely unnecessary. Routine confirmatory CXR after tube thor-
acostomy for hemothoraces could be re-examined in select settings
where financial or workflow costs of an additional CXR are
prohibitive.

Does placing chest tubes on suction or water seal affect outcomes?
Recommendation. Placing chest tubes on suction may lower tube
duration and hospital length of stay (LOS), but there is poor quality
of evidence.

Rationale. A meta-analysis of 3 RCTs (N ¼ 270) found that
compared to water seal, chest tubes on suction (e20 cm H2O in 2
RCTs, e5 to e20 cm H2O in 1 RCT) resulted in decreased tube
duration (mean difference [95% CI]: e3.4[e5.7 to e1.0] days),
hospital LOS (mean difference [95% CI]: e3.9 [e6.0 to e1.8] days),
and persistent air leak (OR [95% CI]: 0.3 [0.1e0.5]).46 Pooled analysis
did not find significant difference in secondary intervention rates.
The authors reported overall very low Grading of Recommenda-
tions, Assessment, Development, and Evaluations (GRADE) quality
of evidence, except moderate quality of evidence for mitigating
persistent air leaks. All 3 RCTs included patients with hemothoraces
and pneumothoraces; hemothorax-specific evidence synthesis was
not performed.

Retained hemothoraces (rHTX)

What are risk factors for developing rHTX?
Recommendation. Higher thoracic injury burden is likely associated
with rHTX.

Rationale. Patients with rHTX are at risk of developing empyema
(27% incidence according to a prospective multi-center study[N ¼
328]).5 CXR may be unreliable for rHTX diagnosis; a prospective
study recommended CT confirmation.47 Observational evidence
suggests rHTX risk factors include larger initial hemothorax vol-
umes, higher ISS, bilateral injuries, mechanical ventilation.48e50 A
prospective study (N ¼ 154) did not find an association between
rHTX and chest tube trajectory or intrapleural length.51 Mitigating
rHTX and subsequent complications requires characterizing high-
risk injury and management patterns: specific risk factors for
rHTX require further study.

What is the optimal lytic therapy regimen for rHTX?

Recommendation. Tissue plasminogen activator is a safe, effective,
and the most commonly-studied lytic therapy.

Rationale. Ameta-analysis (N¼ 162; 1 RCT, 9 observational studies)
reported 87% (95% CI: 81e92%) overall efficacy of lytic therapy
(avoiding operative rHTX intervention).52 Tissue plasminogen
activator (tPA) efficacy was 83% (95% CI: 71e94%), and non-tPA
(streptokinase, urokinase) efficacy was 85% (95% CI: 82e93%).
Highly variable lytic therapy strategies (time from tube thor-
acostomy to lytic therapy, dose, interval, discontinuation criteria)
precluded recommending an optimal strategy. Despite theoretical
bleeding risk of fibrinolytic therapy in patients with recent intra-
thoracic trauma, only 1 patient experienced a bleeding complica-
tion (hematuria). Of note, a recent single-center retrospective study
(N¼ 14) reported 42% tPA efficacy for rHTX; 1 patient experienced a
bleeding complication.53

What is the role of video-assisted thoracoscopic surgery (VATS)
compared to tube thoracostomy or lytic therapy for rHTX?

Recommendation. VATS has superior efficacy to second thor-
acostomy tube and similar efficacy as lytic therapy for rHTX.

Rationale. Two RCTs (N ¼ 39 and N ¼ 60) reported VATS is superior
to a second tube thoracostomy for reducing chest tube duration and
hospital LOS among patients with hemothoraces.54,55 One RCT (N¼
48) evaluating head-to-head efficacies of lytic therapy (streptoki-
nase) and VATS for rHTX did not find significant difference in
intervention failure (persistent rHTX requiring thoracotomy) or
complication rates.56 Comparative efficacy of lytic therapy
compared to VATS deserve further study. Of note, a recent pro-
spective study (N ¼ 296) evaluated efficacy of thoracic irrigation (1
L sterile saline) during initial tube thoracostomy for mitigating
rHTX risk.15 Compared to conventional tube thoracostomy, tube
thoracostomy with irrigation was associated with significantly
lower odds (OR: 0.16) of requiring secondary intervention. Optimal
rHTX management starts with prevention. Thoracic irrigation
during initial tube thoracostomy deserves further evaluation.

When is the ideal time to perform VATS for rHTX?

Recommendation. VATS should be performed as soon as rHTX is
diagnosed; a trial of lytic therapy may be attempted beforehand.

Rationale. Decision to perform VATS must balance time for non-
operative rHTX management (eg, lytic therapy) versus inter-
vening before advanced loculations prevent a minimally invasive
option. Many studies, including EAST practice guidelines, recom-
mend early VATS for rHTX.2,57e61 However, the evidence base for
this recommendation comprises retrospective studies (total N ¼
504) that variably and arbitrarily categorized “early” and “late”
timing during posteriori analysis. To our knowledge, no study
compared 2 a priori-determined VATS intervention time points,
and only 1 study standardized the comparator group’s rHTX man-
agement strategy.56 Head-to-head comparisons of intervention
time after standardized non-operative rTHX management is
needed to understand what constitutes “early” VATS. Until further
evidence is available, we believe VATS should be performed as soon
as rHTX is diagnosed. If the patient or surgeon prefers, lytic therapy
could be attempted before VATS.



Table II
Recommendations regarding conundra in traumatic hemothorax diagnosis and management

Conundrum Recommendation

Should presumptive antibiotics be administered to decrease incidence of
infectious complications?

Presumptive antibiotics are likely unnecessary; performing tube
thoracostomy under sterile condition is likely more important.

If presumptive antibiotics are administered before tube thoracostomy, is
there an ideal antibiotic regimen, dosage, or duration?

If presumptive antibiotics are used, a single dose of cefazolin prior to tube
thoracostomy is likely sufficient.

Does blunt or penetrating injury mechanism affect presumptive antibiotic
efficacy for tube thoracostomy?

Presumptive antibiotics are likely unnecessary, regardless of injury
mechanism.

Among blunt injury victims, how should occult hemothoraces be managed? A majority of occult hemothoraces can likely undergo expectant
management.

What is bedside ultrasound’s role for diagnosing hemothoraces? Ultrasound may be a valuable screening and prognostication tool for
hemothoraces during primary surveys.

What initial chest tube output mandates surgical intervention? A singular threshold output should not guide the decision to operate.
Does chest tube size affect outcomes? Smaller chest tubes have similar outcomes as larger chest tubes.
Does chest tube insertion site or trajectory influence secondary intervention

rates?
As long as chest tubes are in the pleural space, insertion site and trajectory
(apical versus caudal) likely do not influence secondary intervention rates.

Should confirmatory CXR follow tube thoracostomy? Beyond clinical examination, confirmatory CXR is unlikely to change
management for appropriately functioning chest tubes.

Does placing chest tubes on suction or water seal affect outcomes? Placing chest tubes on suction may lower tube duration and hospital LOS,
but there is poor quality of evidence.

What are risk factors for rHTX? Higher thoracic injury burden is likely associated with rHTX.
What is the optimal lytic therapy regimen for rHTX? Tissue plasminogen activator is a safe, effective, and the most commonly-

studied lytic therapy.
What is the role of VATS compared to tube thoracostomy or lytic therapy for

rHTX?
VATS has superior efficacy to second thoracostomy tube and similar efficacy
as lytic therapy for rHTX.

When is the ideal time to perform VATS for rHTX? VATS should be performed as soon as rHTX is diagnosed; a trial of lytic
therapy may be attempted beforehand.

What is the incidence of dHTX among patients with blunt thoracic injuries? A multi-center consortium suggests 12% dHTX incidence among patients
with isolated thoracic injuries discharged from the ED. Patients appear to
present with dHTX within 2 weeks of initial injury.

What is the etiology and presenting symptoms of dHTX? Delayed disruption of intercostal arteries from rib fractures may lead to
dHTX. Chest pain and dyspnea are common presenting symptoms.

Is a graduated chest tube removal (suction to water seal to clamp trial)
necessary?

Graduated chest tube removal is likely unnecessary for isolated
hemothoraces.

Is it unsafe to remove chest tubes in patients on positive pressure
ventilation?

One experimental study did not find evidence suggesting chest tube
removal before extubation is unsafe.

Should chest tubes be removed at end-inspiration or end-expiration? Chest tube removal timing with respiratory cycle is likely unnecessary.
Is a confirmatory CXR required after chest tube removal? A post-removal CXR is likely unnecessary.

CXR, chest x-ray; ED, emergency department; dHTX, delayed hemothoraces; LOS, length of stay; rHTX, retained hemothoraces; VATS, video-assisted thorascopic surgery.
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Delayed hemothoraces (dHTX)

What is the incidence of dHTX among patients with blunt thoracic
injuries?

Recommendation. A multi-center consortium suggests 12% dHTX
incidence among patients with isolated thoracic injuries dis-
charged from the emergency department (ED). Patients appear to
present with dHTX within 2 weeks of initial injury.

Rationale. An early study reported 12 of 33 patients with blunt
traumatic hemothoraces were diagnosed in a delayed fashion (18
hours to 6 days postinjury).12A subsequent single-center retro-
spective study (N¼ 167) reported 4% incidence of dHTX (diagnosed
22 hours to 16 days post injury; 86% within 4 days).13 Among pa-
tients discharged from the ED after isolated thoracic injuries, 2
multi-center prospective cohort studies (N ¼ 450 and N ¼ 482)
reported 12% dHTX incidence within 14 days.11,14 In a planned
subgroup analysis (N ¼ 32), the same consortium of centers re-
ported 12% incidence of dHTX within 14 days among patients dis-
charged from the ED after isolated sternal fractures.62 Delayed
hemothorax incidence among admitted patients is unclear. Overall,
there is not a consensus defining and limited evidence character-
izing dHTX.

What is the etiology and presenting symptoms of dHTX?

Recommendation. Delayed disruption of intercostal arteries from
rib fractures may lead to dHTX. Chest pain and dyspnea are com-
mon presenting symptoms.
Rationale. An early study found 92% (11 of 12 patients) of dHTX
occurred in patients with multiple or displaced rib fractures.12 A
majority of patients were diagnosed after reporting sudden onset
pleuritic chest pain and dyspnea. The authors hypothesized rib
fractures may disrupt intercostal arteries in a delayed fashion after
improved analgesia facilitates greater respiratory movement.
Another retrospective single-center study (N ¼ 167) similarly re-
ported that all patients with dHTX had multiple rib fractures (5 out
of 7 patients had displaced rib fractures).13 Among patients pre-
senting with dHTX after discharge from the ED, 54% presented with
chest pain and 25% with dyspnea.11 Another study suggested rib
fracture location (lower, middle, or upper ribs) confers variable
odds of dHTX; however, uncertainty of estimates precluded
deriving meaningful assocation.14 Granular assessments of higher-
risk injury patterns require further study. The role of selective serial
monitoring for dHTX requires better understanding of the inci-
dence and clinical significance of dHTX.

Chest tube removal

Is a graduated chest tube removal (suction to water seal to clamp
trial) necessary?
Recommendation. Graduated chest tube removal is likely unnec-
essary for isolated hemothoraces.

Rationale. Water seal and clamp trials have largely been evaluated
in patients with traumatic pneumothoraces, not hemothoraces. An
RCT (N ¼ 205; unclear proportion with hemothorax) found that
water seal resulted in lower pneumothorax recurrence compared
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to suction removal but postulated that patients undergoing suction
removal had insufficient time for primary pneumothorax reso-
lution.63Another RCT (N ¼ 80) reported no difference in pneumo-
thorax recurrence between water seal and suction removal but
shorter tube durationwith suction removal.64 An RCT (N¼ 180; 16%
with hemopneumothorax) did not find significant difference in
pneumothorax recurrence among patients who did and did not
undergo clamp trials.65 A retrospective study (N ¼ 499; 28% with
hemothoraces) reported clamp trials were associated with lower
30-day odds of repeat pleural drainage (OR [95% CI]: 0.4
[0.2e0.8]).66 However, our analysis of primary data did not find
significant association between clamp trial and repeat pleural
drainage performed for hemothorax. Another retrospective study
(N ¼ 254; 50% with hemo or hemo-pneumothorax) did not find an
association between clamp trials and need for repeat pleural
drainage.67 Graduated tube removal largely aims to detect occult
pneumothoraces. Chest tubes for hemothoraces are frequently
removed after trending output over longer periods; several addi-
tional hours of clamp trial is likely unnecessary for isolated
hemothoraces.

Is it unsafe to remove chest tubes in patients on positive pressure
ventilation?
Recommendation. One experimental study did not find evidence
suggesting chest tube removal before extubation is unsafe.

Rationale. An RCT (N ¼ 92; 69% for hemo or hemopneumothorax)
of injured patients with chest tubes on positive pressure ventilation
reported that late (at time of extubation) or early (5e7 days after
insertion) chest tube removal did affect complication rates.68

Should chest tubes be removed at end-inspiration or end-
expiration?
Recommendation. Chest tube removal timing with respiratory cycle
is likely unnecessary.

Rationale. An RCT (N ¼ 102; 24% with hemothorax, 15% on me-
chanical ventilation) comparing tube removal at end-inhalation
with end-exhalation did not find significant difference in pneu-
mothorax recurrence rates.69 Of note, a retrospective study (N ¼
234; 41% with hemo or hemopneumothorax) did not find an as-
sociation between being on positive pressure ventilation and
pneumothorax recurrence or repeat pleural drainage rates after
chest tube removal.70 We did not find evidence suggesting that
chest tube removal while on positive pressure ventilation is unsafe.

Is a confirmatory CXR required after chest tube removal?
Recommendation. A postremoval CXR is likely unnecessary.

Rationale. Three retrospective studies (N ¼ 73, N ¼ 488, and N ¼
116) suggested postremoval CXR offers no additional advantage
over clinical observation for repeat pleural drainage.71e73A cost-
effectiveness analysis (modeled on a healthy patient with hemop-
neumothorax with <200 mL serous output/24 hours and tolerating
water seal) reported clinical observation is cost-effective compared
to postremoval CXR.74

In conclusion, Table II summarizes our synthesis of up-to-date
evidence and knowledge gaps for diagnosing and managing trau-
matic hemothoraces.
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