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INTRODUCTION: Thoracic trauma is the second most prevalent nonintentional injury in the United States and is associated with significant morbidity. Anal-
gesia for blunt thoracic trauma was first addressed by the Eastern Association for the Surgery of Trauma (EAST) with a practice management
guideline published in 2005. Since that time, it was hypothesized that there have been advances in the analgesic management for blunt tho-
racic trauma. As a result, updated guidelines for this topic using the GRADE (Grading of Recommendations, Assessment, Development, and
Evaluation) framework recently adopted by EAST are presented.

METHODS: Five systematic reviews were conducted using multiple databases. The search retrieved articles regarding analgesia for blunt thoracic trauma
from January1967 to August 2015. Critical outcomes of interest were analgesia, postoperative pulmonary complications, changes in pulmo-
nary function tests, need for endotracheal intubation, and mortality. Important outcomes of interest examined included hospital and intensive
care unit length of stay.

RESULTS: Seventy articles were identified. Of these, 28 articles were selected to construct the guidelines. The overall risk of bias for all studies was
high. The majority of included studies examined epidural analgesia. Epidural analgesia was associated with lower short-term pain scores
in most studies, but the quality and quantity of evidence were very low, and no firm evidence of benefit or harm was found when this
modality was compared with other analgesic interventions. The quality of evidence for paravertebral block, intrapleural analgesia, mul-
timodal analgesia, and intercostal nerve blocks was very low as assessed by GRADE. The limitations with the available literature pre-
cluded the formulation of strong recommendations by our panel.

CONCLUSION: We propose two evidence-based recommendations regarding analgesia for patients with blunt thoracic trauma. The overall risk of bias for
all studies was high. The limitations with the available literature precluded the formulation of strong recommendations by our panel. We
conditionally recommend epidural analgesia and multimodal analgesia as options for patients with blunt thoracic trauma, but the overall
quality of evidence supporting these modalities is low in trauma patients. These recommendations are based on very low-quality evidence
but place a high value on patient preferences for analgesia. These recommendations are in contradistinction to the previously published
Practice Management Guideline published by EAST. (J Trauma Acute Care Surg. 2016;81: 936-951. Copyright © 2016 Wolters Kluwer
Health, Inc. All rights reserved.)
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horacic trauma is the second most prevalent nonintentional ~ hospitalized trauma 1patients and may be associated with a mor-
injury in the United States and is associated with significant tality of 3% to 13%."* Injuries caused by blunt thoracic trauma
morbidity.' In particular, rib fractures occur in up to 10% of  are frequently associated with pulmonary complications such as

Submitted: March 19, 2016, Revised: May 10, 2016, Accepted: May 11, 2016, Published online: August 16, 2016.

From the Department of Anesthesiology, University of Maryland School of Medicine and Program in Trauma, R Adams Cowley Shock Trauma Center, Baltimore, Maryland (S.M.G.);
Case Western Reserve University School of Medicine, and Cardiothoracic and Trauma Anesthesia, Department of Anesthesiology, MetroHealth Medical Center, Cleveland, Ohio
(C.E.S.); Department of Anesthesiology, University of Miami Miller School of Medicine, and Ryder Trauma Center at Jackson Memorial Hospital, Miami, Florida (A.J.V.); De-
partment of Orthopedic Surgery, Adult and Trauma Service, Johns Hopkins Hospital and Johns Hopkins Bayview Medical Center, Baltimore, Maryland (E.A.H.); Division of Gas-
troenterology, Hepatology, and Nutrition, Department of Medicine, and Center for Chronic Diseases Outcomes Research, Minneapolis Veterans Affairs Health System, Minnesota
(S.S.); Division of Trauma, Critical Care, and Acute Care Surgery, Department of Surgery, West Virginia University, Morgantown, West Virginia (G.S.); Division of Acute Care
Surgery (Trauma, Burn, Critical Care, Emergency Surgery), Department of Surgery, University of Michigan, Ann Arbor, Michigan (K.B.T.); Division of Trauma Surgery and Crit-
ical Care, Department of Surgery, Rutgers University—New Jersey School of Medicine, Newark, New Jersey (A.F); East Texas Medical Center, Tyler, Texas (D.E.R.A.); Allegheny
General Hospital, Pittsburg, Pennsylvania (M.D.); Division of Trauma, Critical Care, & Emergency Surgery, The University of Arizona College of Medicine, Arizona (B.A.J.); De-
partment of Surgery, Harborview Medical Center, University of Washington, Seattle, Washington (B.R.H.R.); and Division of Acute Care Surgery, Department of Surgery, Johns
Hopkins Hospital, Baltimore, Maryland (E.R.H.).

B.R.H.R. and E.R.H. are co-senior authors.

Preliminary data from this article were presented as a podium talk/status update during the Practice Management Guideline meeting at the Eastern Association for the Surgery of
Trauma in 2015, Orlando, Florida.

Address for reprints: Samuel Michael Galvagno, Jr, DO, PhD, Divisions of Critical Care Medicine and Trauma Anesthesiology, Department of Anesthesiology, 22 South Greene St,
T3NO08, Shock Trauma Center, Baltimore, MD 21201; email:sgalvagno@anes.umm.edu.

DOI: 10.1097/TA.0000000000001209

J Trauma Acute Care Surg
936 Volume 81, Number 5

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.



PISTGHORA+2ZM8RAAAAVO/FOAEIDYIASALLIAIPOOAEIEAHIDI/ADAUMYT

XOMADYOINXYOHISABZIyT1o+eyNIOITWNOTZTARY HaSHAQUG Ag ewnenl/wod mm| sfeulnol;/:dny wolj papeojumoq

G20¢/ST/T0 uo

J Trauma Acute Care Surg
Volume 81, Number 5

Galvagno et al.

pneumonia and severe pain, prolonging both hospital and inten-
sive care unit (ICU) stay and significantly increasing healthcare
costs, especially in elderly patients.®” Pain is acknowledged as a
contributing element for much of the morbidity associated with
blunt thoracic trauma,>>*® and optimization of analgesia is an es-
sential component of a strategy that uses early mobilization and
chest physiotherapy to enhance recovery.

In 2005, the Eastern Association for the Surgery of Trauma
(EAST) published a pain management guideline for blunt tho-
racic trauma.’ The authors of this review recognized the paucity
of literature regarding the effectiveness of various analgesic mo-
dalities, and recommendations at the time reflected the most rea-
sonable and likely approach to ensure positive outcomes.” While
several modalities were reviewed, the authors concluded that epi-
dural analgesia is the preferred technique. This recommendation
was challenged by Carrier et al.® in a 2009 systematic review
and meta-analysis and more recently by Duch and Meller.'® In
adults with blunt thoracic trauma, the ideal analgesic modality
remains uncertain.

A variety of analgesic techniques are available for the
treatment of pain after thoracic trauma. Epidural analgesia is
the best-studied modality in both thoracic trauma and elective
thoracotomies and involves the administration of opioid and/or
local anesthetic agents into the epidural space at the thoracic
or lumbar level. Pain relief is often pronounced, but this tech-
nique is contraindicated in patients with coagulopathy, associ-
ated with potentially troublesome adverse effects such as
hypotension, and is technically demanding. Moreover, his-
torical concerns about epidural analgesia include loss of
lower-extremity sensation, a requirement for bladder cathe-
terization, and venous pooling, which might precipitate deep
venous thrombosis. '

Thoracic paravertebral blockade produces unilateral seg-
mental somatic and sympathetic nerve blockade. In thoracic
paravertebral blockade, in the paravertebral space, which contains
spinal nerves and preganglionic and postganglionic sympathetic
nerves, local anesthetics are injected as a single-shot procedure
or with placement of a catheter for a continuous block.'? Thoracic
paravertebral blocks are technically easier to perform than epidu-
ral analgesia, require less nursing surveillance, and have fewer ab-
solute contraindications.'® The use of thoracic paravertebral
blocks in patients with blunt thoracic trauma is not as well studied
as epidural analgesia, and the effectiveness of this technique has
not been subjected to the scrutiny of large clinical trials. However,
with the proliferation of ultrasound, thoracic paravertebral
blockade may become a desirable technique.

Intrapleural analgesia (sometimes also referred to in the
literature as “interpleural” analgesia) involves }i)lacement ofalo-
cal anesthetic agent into the pleural space.”'* The anesthetic
agent traverses the parietal pleura and blocks multiple unilateral
dermatomes. This technique preserves lower-extremity sensa-
tion, does not cause hypotension, and does not require bladder
catheterization. Disadvantages of this technique include loss of
anesthetic via draining chest tubes, impaired absorption of agent
in the presence of a hemothorax, higher risk of local anesthetic
systemic toxicity, and unknown overall effectiveness in patients
with blunt thoracic trauma. Intercostal nerve blocks include sin-
gle or continuous injections of local anesthetics into the poste-
rior component of the intercostal space. This technique has
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been shown to improve pain scores and compliance with
pulmonary toilet,'> but overall effectiveness in patients
with blunt thoracic trauma has not been rigorously ana-
lyzed. Finally, a multimodal analgesic strategy that incor-
porates different regional techniques, systemic analgesics,
and analgesic adjuncts (e.g., intravenous acetaminophen,
nonsteroidal anti-inflammatory agents [NSAIDs], trans-
dermal opioids) may improve management of pain related
to blunt thoracic trauma.

The goal of this article, which was sponsored by the
EAST and cosponsored by the Trauma Anesthesiology Society,
is to provide updated evidence-based recommendations that
may be used to direct the decision-making processes related to
the care of patients with blunt thoracic trauma. This guideline
has been developed using the Grading of Recommendations,
Assessment, Development, and Evaluations (GRADE) frame-
work adopted by EAST.'¢!®

The GRADE framework, now in use by more than 90 in-
ternational societies and organizations worldwide, provides a
systematic and transparent framework for clarifying questions,
determining the outcomes of interest, summarizing the evidence
for such questions, and moving from evidence to a recommen-
dation or decision. Importantly, within GRADE, the evidence
is rated not according to each individual study, but across studies
for specific patient-important clinical outcomes. Recommenda-
tion strength and direction are based not only on evidence qual-
ity but also on the balance between desirable and undesirable
outcomes and patient values and preference.'®

OBJECTIVES

The objective of this guideline is to evaluate the optimal
mode of analgesia for patients with blunt thoracic trauma. The
PICO questions'® (population [P], intervention [I], comparator
[C], and outcome [O]) are defined as follows:

PICO Question 1: In adult patients with blunt thoracic
trauma (P), does epidural analgesia (I) versus nonregional
modalities of pain control (C) (i.e., intravenous or enteral an-
algesics such as opioids, acetaminophen, NSAIDs) improve
analgesia, decrease pulmonary complications and need for me-
chanical ventilation, shorten length of stay, and/or decrease mor-
tality (O)?

PICO Question 2: In adult patients with blunt thoracic
trauma (P), does paravertebral blockade (I) versus nonregional
modalities of pain control (C) (i.e., intravenous or enteral analge-
sics such as opioids, acetaminophen, NSAIDs) improve analge-
sia, decrease pulmonary complications and need for mechanical
ventilation, shorten length of stay, and/or decrease mortality (O)?

PICO Question 3: In adult patients with blunt thoracic
trauma (P), does continuous intrapleural infusions of local
anesthetics (I) versus other regional modalities of pain con-
trol (C) (i.e., epidural or paravertebral nerve blocks) improve
analgesia, decrease pulmonary complications and need for
mechanical ventilation, shorten length of stay, and/or de-
crease mortality (O)?

PICO Question 4: In adult patients with blunt thoracic
trauma (P), does multimodal analgesia (I) (i.e., use of different clas-
ses of analgesics, including combinations of opioids with other
agents such as NSAIDs, pregabalin/gabapentin, acetaminophen)
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compared with opioids alone (C) improve analgesia, decrease pul-
monary complications and need for mechanical ventilation, shorten
length of stay, and/or decrease mortality (O)?

PICO Question 5: In adult patients with blunt thoracic
trauma (P), does continuous intercostal infusions of local anes-
thetics (I) versus nonregional modalities of pain control (C) (i.e.,
intravenous or enteral analgesics such as opioids, acetaminophen,
NSAIDs) improve analgesia, decrease pulmonary complications
and need for mechanical ventilation, shorten length of stay,
and/or decrease mortality (O)?

INCLUSION CRITERIA FOR THIS REVIEW
Study Types

We included randomized controlled trials (RCTs), case-
control studies, and prospective or retrospective observational
cohort studies (with a comparator group). Reviews containing
no original data or comments were excluded.

Participant Types (Population, P)

Only studies pertaining to the treatment of hospitalized
patients with blunt thoracic trauma were included. Blunt tho-
racic trauma was defined as chest wall injuries such as rib
fracture, flail chest, sternal fracture, and soft tissue contusion;
intrapleural lesions such as hemothorax and pneumothorax;
parenchymal lung injuries such as pulmonary contusion and
lung laceration; and mediastinal lesions such as blunt cardiac
injury or great vessel injury.” We included studies of adult pa-
tients (>16 years of age) without restricting gender, ethnicity,
or degree of comorbidity.

Intervention Type (1)

We included studies in which regional anesthetic tech-
niques, such as epidural or paravertebral catheters, intercos-
tal nerve blocks, multimodal approaches (i.e., opioids plus
pregabalin/gabapentin, or other nonregional drug combina-
tions), or intrapleural infusions of anesthetics, were used com-
pared with nonregional techniques such as use of intravenous
or enteral analgesics (i.e., opioids, acetaminophen, NSAIDs).

Outcome Measure Types (O)

Outcomes were chosen by group consensus as recom-
mended by the GRADE approach.'® Outcomes were chosen
by the committee and rated in importance from 1 to 9, with
scores of 7 to 9 representing critical outcomes and scores
of'4 to 6 representing important outcomes. Critical outcomes
for all five PICO questions included analgesia (as measured
by a validated pain scale such as the visual analog scale),
postoperative pulmonary complications (PPCs), and pulmonary
function as evidenced by objective measures, requirement for in-
tubation, and mortality. Important outcomes included hospital or
ICU length of stay. Additional outcomes considered by the com-
mittee were cost, ventilator days, and labor-intensiveness.

REVIEW METHODS

Search Strategy

A systematic search of the PubMed, EMBASE, CINAHL,
MEDLINE (OVID), and The Cochrane Register of Controlled
Trials electronic databases was performed by the primary author
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(S.M.G.) for studies published from January 1967 to October
2015. A systematic search of the National Institutes of Health
MEDLINE database was performed using PubMed. Search terms
included the following: Epidural Analgesia [MeSH], thoracic epi-
dural analgesia, thoracic epidural, blunt thoracic trauma, Thoracic
Injuries [majr], pneumothorax,hemothorax, rib fracture(s), sternal
fracture, chest contusion, Randomized Controlled Trial [Publica-
tion Tijpe], Cohort Studies [MeSH], Case-control Studies [majr],
Mortality {Mesh], Hospital Mortality [MeSH], reintubation,
pneumonia [MeSH)], Pulmonary Atelectasis [majr], Respiratory
Function Tests [MeSH], Analgesia [MeSH], Analgesia, Patient-
controlled [MeSH), Pain Measurement [MeSH), Length of Stay
[MeSH], postoperative pulmonary contusions. A similar system-
atic search of the EMBASE database was performed using the
following search terms (including Emtree mapping terms): epidu-
ral anesthesia, thorax blunt trauma, blunt AND thoracic AND
trauma, pneumothorax, hemothorax, lung AND contusion, pul-
monary AND contusion, flail chest, chest AND contusion, tho-
racic AND epidural AND analgesia, epidural OR regional
AND anesthesia, postoperative complications, reintubation, ran-
domized controlled trial, cohort analysis, case control study. For
PICO Questions 2 to 5, the searches were adjusted accordingly,
using terms for the analgesic intervention of interest (i.e., “epidu-
ral analgesia” was replaced with “paravertebral block,” etc.). The
methodology for the MEDLINE and EMBASE searches was
used to conduct searches in The Cochrane Register of Controlled
Trials and CINAHL. Non-English articles, when included, were
reviewed by multilingual members of the research team (S.M.
G., A1V, CEE.S.). In addition to the electronic search, we manu-
ally searched the bibliographies of included studies and recent re-
view articles.

Assessment of the Quality of Evidence

The quality of the evidence for each outcome in a PICO
was evaluated using the GRADE framework.'®'” While RCTs
were considered high-quality evidence, we rated down for qual-
ity if there were concerns that lowered our certainty in the esti-
mate of effect for that outcome. We evaluated for risk of bias,
inconsistency (also referred to at heterogeneity), indirectness,
imprecision, and other considerations (e.g., publication bias).
Observational studies, by default, were considered low-quality
evidence, but could be rated up under the following circum-
stances: large effect, dose-response gradient, or if all possible
confounders would decrease an effect or move the effect in the
opposite direction.

Risk-of-Bias Assessment

Risk of bias was assessed for each outcome using the in-
strument developed by the Cochrane Collaboration'® and the
Jadad Scale.”® The Cochrane instrument includes the domains
of random sequence generation, allocation concealment, blinding,
incomplete outcome data, selective outcome reporting, and base-
line imbalance and bias due to vested financial interest.'” The
Jadad score, which assesses randomization, blinding, and patient
withdrawals/dropouts, was used to grade included studies with a
score between 0 and 5.2° For nonrandomized studies, the Downs
and Black assessment tool was used.”’ This instrument includes
assessment items for reporting bias, external validity, internal va-
lidity, confounding, and selection bias.?' For both the Cochrane
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and Downs and Black assessment tools, if one or more domains
were judged as being high or unclear, we classified the trial as
having a high risk of bias. Systematic reviews were assessed with
the AMSTAR instrument, a tool des1%'ned to assess the methodo-
logical quality of systematic reviews.

Statistical Analyses

When a quantitative analysis was indicated, we calculated
relative risk with 95% confidence intervals (CIs) for dichoto-
mous outcome measures and the mean difference (MD) with
95% CI for continuous outcome measures using the Mantel-
Haenszel random-effects model.' These measures were pooled
in conventional cumulative meta-analyses for each critical and
important outcome included in this recommendatlon Heteroge-
neity, or inconsistency, was assessed using the * statistic (incon-
sistency factor).”® An I* value more than 50% was suggestive of
moderate heterogeneity, and a value greater than 75% indicated
substantial heterogeneity due to real differences 1n protocols,
trial populations, interventions, and/or outcomes.”® The meta-
analysis was performed using the Cochrane Collaboration’s
“Revman” software (version 5.3; Cochrane Collaboration,
Oxford, UK). Evidence tables were created using the GRADE
Working Group’s open access Guideline Development Tool
(May 25, 2015, update; Evidence Prime, Inc., Hamilton, Ontario,
Canada). All tests were two-tailed, and p < 0.05 was considered
statistically significant.

SEARCH RESULTS

The original search yielded 332 records, of which 70 were
deemed to be appropriate for full text review (Fig. 1). We ex-
cluded 42 studies that were descriptive only in nature and did
not have a comparator. Included studies were independently
assessed by two authors; discrepancies were adjudicated by the
primary author (S.M.G.). We ultimately included 28 studies in
this guideline for recommendation. All of these studies were ana-
lyzed qualitatively, whereas only 12 of these studies could be in-
cluded for quantitative analysis (meta-analysis). All 12 studies
analyzed quantitatively pertained to PICO Question 1. For PICO
Questions 2, 4, and 5, although no articles that met the strict inclu-
sion criteria for evaluation could be found, a qualitative review
was performed for articles that were tangentially pertinent
to this recommendation.

RESULTS FOR PICO QUESTION 1

In adult patients with blunt thoracic trauma (P), does
epidural analgesia (I) versus nonregional modalities of pain
control (C) (i.e., intravenous or enteral analgesics such as opi-
oids, acetaminophen, NSAIDs) improve analgesia, decrease
pulmonary complications and need for mechanical ventila-
tion, shorten length of stay, and/or decrease mortality (O)?

Qualitative Synthesis

Analgesia

Data regarding pain scores at rest or with coughing or
deep breathing were available in three studies included in this
recommendation.”*?® Pain at rest, at 24, 48, and 72 hours,

© 2016 Wolters Kluwer Health, Inc. All rights reserved.

was not significantly reduced by epidural analges1a compared
with other analgesic modalities.® In Moon et al.,** the epidu-
ral analgesia group had a significant reduction of pain with
coughing compared with patients receiving systemic opioids
via patient-controlled anesthesia. Pain control in the epidural
group was also significantly less on Day 3. Data on pain were
available in only one observational study included in this rec-
ommendation.?” Median pain scores were statistically lower
compared with intermittent systemic morphine in Wu et al.*’
when pain scores were measured at multiple time intervals,
ranging from 8 hours after epidural placement to 80 hours.
In the two previously published systematic reviews, no signif-
icant difference in pain was found at rest or with coughing be-
tween the epidural analgesia and control groups at various
time intervals.®'° It should be noted that control groups var-
ied in these reviews and frequently included groups receiving
other regional anesthetics rather than intravenous opioids.

Postoperative Pulmonary Complications
Bulger et al.?® and Mackersie et al.?® reported data on
pneumonia development. No statistically significantly in-
creased intervention effect was found in trials that compared
oprolds with epidural analgesia.'® All six observational stud-
ies included in this review"®?”*3! reported data regarding
PPCs. Reporting of PPCs was limited by definition; some
studies included complications such as empyema,~ whereas
others included a Variety of conditions such as acute respira-
tory distress syndrome ® Other studies did not prov1de a def-
inition of PPCs®' or reported only pneumonia.?’” Only one
controlled study that met the inclusion criteria for this review
reported data on PPCs.*® In the previous review by Duch
et al.,'® three trials that reported data on pneumonia found
no stat1st1cally significant difference between epidural anal-
gesia and various control groups in conventional meta-
analysis. Six observational studies, including 1,054 patients,
reported data on various PPCs such as pneumonia, empyema,
atelectasis, and acute respiratory distress syndrome.*¢-+7-29731
Results varied w1dely, with one study showing an assocratron
with reduction in PPCs in the epidural analgesia group,”*
reporting a profoundly higher incidence of PPCs in the ep1dural
analgesia group,®>® and four showing no difference.!!"?72%31

Pulmonary Function Tests

Among the randomized controlled studles four studies
reported data on pulmonary functron 2 Vital capacity
was not altered by epidural analges1a At 72 hours, maximal
inspiratory pressure was greater with epidural analgesia in
Moon et al.>* No pulmonary function test data were re-
ported in any of the six observational studies included in
this recommendation.

Need for Mechanical Ventilation

The need for mechanical ventilation was not defined in
any of the RCTs included in this recommendation. Three ob-
servational trials*?”?° reported data on need for mechanical
ventrlatron Of note, some trials such as that of Kieninger
et al.>® excluded mechanically ventilated patients.

939
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# records identified via
database searching

# records identified via other sources
(i.e. bibliography searches)

309 23
# studies included for full Reasons for exclusion:
text review -
42- Descriptive (no
7 comparator)

Included in qualitative analysis

24

PICO 1: 15 (8 RCTs, 7 observational studies)

PICO 2: 1 (observational)

PICO 3:5

PICO 4: 0 (2 articles discussed in narrative review)
PICO 5: 0 (1 article discussed in narrative review)

Included in quantitative analysis (meta-analysis)

PICO 2: 0
PICO 3:0
PICO 4: 0
PICO5:0

PICO 1: 12 (6 RCTs, 7 Observational studies)

Figure 1. PRISMA study flow diagram.

Mortality

For controlled trials, no significant difference in mortality
in patients treated with epidural analgesia compared with those
treated with other analgesic interventions could be found.'
For observational studies, three studies indicated a positive ben-
efit,“’1 129 whereas two did not.®>°

Hospital Length of Stay

No statistically significant difference in hospital length of
stay in patients treated with epidural analgesia compared with
other analgesic interventions was found.'® In Gage et al.,*” pa-
tients treated with epidural analgesia had a longer length of stay
(11.2 vs. 8.3 days; p = 0.03). However, the comparator was not
well described; this trial received several downgrades for design,
indirectness, and imprecision. In Wisner’ gt study, a lower odds
of longer length of stay was reported, but this trial was also sub-
ject to concerns based on the quality of evidence. Kieninger
et al.,*° in another observational study with multiple concerns
for the quality of evidence, failed to find a statistically signifi-
cantly lower hospital length of stay between the epidural analge-
sia group and patients who received opioids. Pierre et al.’?
published an abstract with a very small patient population. This
study reported shorter length of stay for patients receiving epidu-
ral analgesia, but this was not statistically significant. The most
recent observational study by Zaw et al.'' showed a statistically

940

longer length of stay in the epidural group (15.8 vs. 15.1 days,
p=0.02), but the clinical relevance of this result (i.e., <1-day dif-
ference) is unclear.

ICU Length of Stay

No statistically significant reduction in ICU length of stay
was observed; data are reported in the quantitative synthesis sec-
tion.*'” In observational studies, four studies'""*"**>! reported
no significant difference in ICU length of stay between the epi-
dural analgesia group and other comparators, whereas one study
reported a longer length of stay in the epidural analgesia group.®
Pierre et al.** reported shorter ICU length of stay for the epidural
group, but this result was not statistically significant, and the
study was small and underpowered. All observational studies
had multiple downgrades for quality of evidence, and none
had a low risk of bias.

Quantitative Synthesis (Meta-analysis)

Analgesia

Three controlled studies reported data on pain.?**** Pain
results for these studies were reported at various intervals, in-
cluding pain at 24, 48, and 72 hours, as measured on a five-
point scale (transformed on a 10-point scale). Cumulatively, at
24 hours, the epidural analgesia group had lower pain (mean
pain score —2.10 lower; 95% CI, —0.05 to —3.69). At 48 hours,

© 2016 Wolters Kluwer Health, Inc. All rights reserved.
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Epidural Control
Study or Subgroup Mean SD Total Mean SD Total Weight

Mean Difference Mean Difference
IV, Random, 95% ClI IV, Random, 95% ClI

1.9.1 Pain at 24 hours

Mackersie 1991 2.3 0 15 3.7 0 17 Not estimable

Moon 1999 2.2 2 13 3.2 2.5 11 12.0% -1.00[-2.83, 0.83] b
Pierre 2005 0.6 0.45 19 3.3 0.75 20 19.9% -2.70[-3.09, -2.31] u
Subtotal (95% Cl) 47 48 32.0% -2.10 [-3.69, -0.50] 4

Heterogeneity: Tau? = 0.99; Chi? = 3.16, df = 1 (P = 0.08); I> = 68%
Test for overall effect: Z = 2.58 (P = 0.010)

1.9.2 Pain at 48 hours

Mackersie 1991 2.8 0 15 3.8 0 17 Not estimable

Moon 1999 1.9 1.7 13 3.6 1.9 11  14.2% -1.70[-3.15, -0.25] =
Pierre 2005 1.6 0.6 19 24 04 20 20.1% -0.80[-1.12,-0.48] L
Subtotal (95% CI) 47 48 34.3% -0.96 [-1.63, -0.29] [

Heterogeneity: Tau? = 0.12; Chi? = 1.40, df = 1 (P = 0.24); I> = 29%
Test for overall effect: Z = 2.79 (P = 0.005)

1.9.3 Pain at 72 hours

Mackersie 1991 1.9 0 15 2.5 0 17

Moon 1999 1.9 1.7 13 2.7 1.9 11 14.2%
Pierre 2005 1.6 0.6 19 2 1 20  19.5%
Subtotal (95% CI) 47 48 33.7%

Heterogeneity: Tau? = 0.00; Chi? = 0.26,df = 1 (P = 0.61); I> = 0%
Test for overall effect: Z = 1.80 (P = 0.07)

Total (95% CI) 141 144 100.0% -1.25[-2.24, -0.27] )

Heterogeneity: Tau? = 1.23; Chi? = 72.22, df = 5 (P < 0.00001); I = 93%
Test for overall effect: Z = 2.49 (P = 0.01)
Test for subgroup differences: Chi? = 4.58, df = 2 (P = 0.10), I*> = 56.3%

Figure 2. Forest plot for PICO 1: analgesia (RCTs).

a statistically significantly lower mean level of pain was ob-
served, but there was no significant difference at 72 hours (rela-
tive risk, 1.93 favoring the control; 95% CI, 0.38-9.83) (Fig. 2).
This analysis was limited because the majority of results were
derived from the abstract by Pierre et al.,*> heterogeneity was
high (x* = 72/2; = 93%), and the total number of patients in-
cluded was small.

Postoperative Pulmonary Complications

Overall, no statistically significant difference in PPCs was
found between epidural analgesia and opioid control groups
among the observational studies (Fig. 3). Heterogeneity for this
outcome was very high (# = 91%) among the included studies,
and the Cls wide.

Not estimable
-0.80 [-2.25, 0.65] q
-0.40[-0.91, 0.11] L
-0.44 [-0.93, 0.04]

-100 -50 0 50 100
Favours [experimental] Favours [control]

Pulmonary Function Tests
Because of the heterogeneity of results reported, meta-
analysis was not possible.

Need for Mechanical Ventilation

No RCTs were available to quantitatively analyze this out-
come. The duration of mechanical ventilation was reported in
three RCTs.?*2* Epidural analgesia was associated with fewer
ventilator days (weighted MD of —4.17; 95% CI, —5.45 to
—2.88), but the number of participants was small.® The need
for mechanical ventilation was greater in the three observational
trials that reported data on this outcome.**”° Patients managed
with an epidural had a higher odds of requiring mechanical ven-
tilation (odds ratio, 2.21; 95% CI, 1.4-3.47).

Epidural Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Bulger 2000 57 62 34 215 14.9% 60.69 [22.67, 162.48] —_—
Gage 2014 (1) 1 81 10 327 11.8% 0.40 [0.05, 3.14]
Kieninger 2005 37 52 58 153 15.6% 4.04 [2.04, 8.00] —
Wisner 1990 4 52 38 167 14.7% 0.28[0.10, 0.83] L
Wu 1999 3 25 4 39 13.3% 1.19 [0.24, 5.85] e e —
Yeh 2012 4 34 17 153 14.5% 1.07 [0.33, 3.40] .
Zaw 2015 8 43 95 483 15.3% 0.93 [0.42, 2.08] s
Total (95% CI) 349 1537 100.0% 1.75 [0.45, 6.81] ?
Total events 114 256
Heterogeneity: Tau? = 2.97; Chi? = 69.84, df = 6 (P < 0.00001); I> = 91% 50 o1 051 T 1=0 100=

Test for overall effect: Z = 0.80 (P = 0.42)

Footnotes
(1) 1 Patients with three or more rib fractures

Figure 3. Forest plot for PICO 1: PPCs (observational studies).
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Mortality

Two RCTs reported data regarding mortality.**** A higher
odds of death was not observed in these studies (odds ratio, 2.3;
95% CI, 0.19-27.3). In Moon et al.,** no deaths were reported
in either group. In the four observational studies that reported data
on mortality, no significant difference was found (odds ratio,
091; 95% CI, 0.52-1.58).%%2%3 Heterogeneity was high
(* =72%) for these studies, and all had a high risk of bias (Fig. 4).

Hospital Length of Stay

In four RCTs, hospital length of stay was not significantly
associated with epidural analgesia.>*?®*%32 In five observa-
tional trials that included 921 total patients, epidural analgesia
was associated with longer hospital length of stay (MD,
2.36 days; 95% CI, 1.19-3.53).627-2931

ICU Length of Stay

Four RCTs reported data on ICU length of stay.>**8%3*
Epidural analgesia was associated with a statistically significant
decrease in mean ICU days (—3.16; 95% CI, —4.66 to —1.66);
however, when only high methodological quality studies were
analyzed, no difference was observed.® No observational studies
reported data on this outcome.

Grading the Evidence

For each outcome, we evaluated the quality of the evi-
dence looking at the following domains: risk of bias, inconsis-
tency, indirectness, and imprecision, or other considerations.
Across all outcomes, the overall quality of evidence was very
low, with some outcomes favoring epidural analgesia and
other favoring nonregional analgesia. For the critical outcome
analgesia, individuals who received epidural analgesia had
lower pain scores. A GRADE evidence profile is presented
in Table 1.

Recommendation

In adult patients with blunt thoracic trauma, we condition-
ally recommend epidural analgesia over nonregional modalities
of pain control (i.e., intravenous or enteral analgesics such as opi-
oids, acetaminophen, NSAIDs) for the treatment of pain. This
recommendation is based on very low-quality evidence but places
a high value on patient preferences for analgesia. If certain con-
founders (or effect modifiers) such as age,“’ number of rib
fractures,”**>272%32 or severity of injury'' are considered, a

stronger positive magnitude of effect may be observed for cer-
tain outcomes of interest.

RESULTS FOR PICO QUESTION 2

In adult patients with blunt thoracic trauma (P), does
paravertebral block (I) versus nonregional modalities of pain
control (C) (i.e., intravenous or enteral analgesics such as opi-
oids, acetaminophen, NSAIDs) improve analgesia, decrease
pulmonary complications and need for mechanical ventila-
tion, shorten length of stay, and/or decrease mortality (O)?

Qualitative Synthesis

Only one study'® was included for narrative review.
While this study examined several of our predefined critical
and important outcomes of interest, the comparator was an-
other regional anesthetic technique rather than a nonregional
modality and hence did not meet the inclusion criteria for this
recommendation. Therefore, a GRADE summary of findings
table was not be completed. Thirty adult patients with three or
more fractured ribs were randomized to receive either contin-
uous thoracic paravertebral block or epidural analgesia. The
paravertebral block group did not demonstrate any statisti-
cally significant improvement in pain control compared with
the epidural analgesia group, although both groups demon-
strated significant pain relief compared with baseline. There
were no deaths in either group, and the incidence of pneumonia
or pleural effusion was not statistically different. Respiratory rate
and peak expiratory flow rate did not differ significantly between
the two groups, although the epidural analgesia group had a statis-
tically significantly higher arterial oxygen tension/inspired oxy-
gen ratio (Pa0,/F10, ratio, p = 0.018). Hospital length of stay
was not statistically different between the two groups.

Strengths of Mohta et al."* were randomization, proper se-
quence generation, allocation concealment, and complete outcome
data. Nevertheless, the study was small and underpowered, and
there were more crush injuries in the paravertebral block group, po-
tentially limiting external generalizability. Lack of a nonregional
analgesic modality as a comparator was a substantial limitation.

Recommendation

It is important to note that paravertebral block had
equivalent pain control compared with epidural analgesia
and provided significant pain relief compared with baseline.

Epidural Control Peto Odds Ratio Peto Odds Ratio
Study or Subgroup Events Total Events Total Weight Peto, Fixed, 95% ClI Peto, Fixed, 95% CI
Bulger 2000 11 62 25 215 33.1% 1.71[0.74, 3.96] [
Gage 2014 (1) 1 81 10 327 10.4% 0.50[0.11, 2.24] e
Kieninger 2005 3 53 2 153 5.7% 6.23[0.82,47.19]
Wisner 1990 2 52 26 167 26.9% 0.35 [0.14, 0.89] —
Zaw 2015 0 43 59 483 23.9% 0.29[0.11, 0.79] —
Total (95% CI) 291 1345 100.0% 0.69 [0.43, 1.13] -
Total events 17 122
Heterogeneity: Chi? = 14.13, df = 4 (P = 0.007); I*> = 72% 50 o1 0:1 150 1005

Test for overall effect: Z = 1.48 (P = 0.14)

Footnotes
(1) 1 Patients with three or more rib fractures

Figure 4. Forest plot for PICO 1: mortality (observational studies).
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While desirable consequences probably outweigh undesir-
able consequences, because of the lack of studies comparing
paravertebral block to nonregional pain control modalities,
we are unable to make a recommendation regarding the use
of paravertebral blocks.

RESULTS FOR PICO QUESTION 3

In adult patients with blunt thoracic trauma (P), does
continuous intrapleural infusions of local anesthetics (I) ver-
sus other regional modalities of pain control (C) (i.e., epidural
or paravertebral nerve blocks) improve analgesia, decrease
pulmonary complications and need for mechanical ventila-
tion, shorten length of stay, and/or decrease mortality (O)?

Qualitative Synthesis

Four studies were identified for qualitative synthesis.
Gabram et al.* conducted a randomized clinical trial comparing
intrapleural analgesia versus systemic opioids in nonintubated
adults with more than one rib fracture. Twenty-one patients were
enrolled in each group. Patients in the systemic opioid group had
more rib fractures (4.4 vs. 3.4; p < 0.05) and a higher initial forced
vital capacity (FVC) compared with patients in the intrapleural
group. Pain scores were not reported in this study. One patient died
in the opioid group versus none in the intrapleural group. The num-
ber of PPCs (i.e., atelectasis, respiratory failure, pneumonia) was
not statistically significantly different between the two groups; the
opioid group had two PPCs versus three in the intrapleural group.
In patients with an initial FVC less than 20%, patients in the opioid
group had a greater increase in FVC (26%) compared with the
intrapleural group (21.8%; p > 0.05). In patients with an initial
FVC greater than 20%, the intrapleural group had a statistically sig-
nificantly greater improvement in FVC compared with the opioid
group (23.1% vs. 10.7%; p <0.05). One patient required intubation
in the intrapleural group, whereas none required intubation in the
opioid group. Neither hospital nor ICU length of stay was statisti-
cally different between the study groups. This study had a high risk
of bias due to lack of blinding, no description of allocation conceal-
ment, a small sample size in the absence of a power calculation, and
lack of information regarding dosing of systemic analgesics.

Short et al.*> enrolled nonintubated patients with blunt
thoracic trauma into a prospective, randomized, double-blind,
crossover, placebo-controlled study. Patients received either
bupivacaine (experimental) or saline (control) via an intrapleural
catheter. The solutions were alternated at 24 hours so that each
patient served as his/her own control. Pain control, as assessed
by milligrams of morphine sulfate, was not significantly differ-
ent between the experimental and placebo groups. Forced expi-
ratory volume in 1 second (FEV,), FVC, arterial carbon dioxide
tension (PaC0,), and Pao, were not statistically significantly dif-
ferent between the study groups. This study was underpowered
with a very small sample (15 patients) and additionally limited
by no description of sequence generation or allocation conceal-
ment and imprecision.

Studies by Luchette et al.>> and Shinohara et al.>” com-
pared intrapleural with epidural analgesia. Luchette et al.?
found no significant effect between intrapleural or epidural anal-
gesia on vital capacity, FI0,, minute ventilation, or respiratory
rate. Both pain at rest and pain with movement or coughing were

25,3537
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significantly lower in the epidural group. Patients in the epidural
group also reguired less parenteral opioid use. Strengths of
Luchette et al.”> include a randomized design with appropriate
sequence generation and complete outcome data, including
physiological data. However, the study was underpowered and
imprecise because of a very small sample size of 19 patients.
In Shinohara et al.,>’ intrapleural analgesia was found to be
equally efficacious in terms of pain control; both intrapleural
and epidural analgesia significantly reduced pain. More hypo-
tension was reported in the epidural group. No changes in
Pa0o, or Paco, were observed between the groups. Although
the study was randomized, a large degree of bias was present be-
cause of lack of information regarding sequence generation, no
allocation concealment, lack of blinding, and a very small sam-
ple size (N =17).

Grading the Evidence

The overall quality of evidence was very low across all
critical outcomes because of serious risk of bias, inconsistency,
indirectness, and imprecision. The studies were underpowered
with small sample sizes and few events. Because of these limita-
tions, effect estimates were not pooled. A GRADE evidence pro-
file is presented in Table 2.

Recommendation

There is limited available literature regarding intra-
pleural analgesia for blunt thoracic trauma. The few studies
that were identified were of very poor methodological quality.
Because of insufficient evidence, we are unable to make a
recommendation.

RESULTS FOR PICO QUESTION 4

In adult patients with blunt thoracic trauma (P), does mul-
timodal analgesia (I) (i.e., use of different classes of analgesics,
including combinations of opioids with other agents such as
NSAIDs, pregabalin/gabapentin, acetaminophen) compared with
opioids alone (C) improve analgesia, decrease pulmonary com-
plications and need for mechanical ventilation, shorten length
of stay, and/or decrease mortality (O)?

Qualitative Synthesis

Two studies®®>? described a multimodal approach; how-
ever, neither study had a true comparator, and therefore, neither
met the inclusion criteria for this review. Nevertheless, because a
variety of critical and important outcomes related to blunt tho-
racic trauma were studied, these studies are included for narra-
tive review.

Yang et al.*® studied the effectiveness of ketorolac in
reducing pulmonary morbidity in adults with rib fractures.
This single-center retrospective case-control study compared
202 patients who received ketorolac versus 417 patients who
did not. Both groups received various cointerventions including
epidural analgesia and other NSAIDs; however, the number and
type of cointerventions in both the ketorolac and historical con-
trol group were not reported, nor were the type, dosing, and
route of administration of opioids. Poisson regression was used
to adjust for known confounders. Both the unadjusted and ad-
justed odds of developing pneumonia were decreased in the
ketorolac group; when adjusted for number of rib fractures,

946

Abbreviated Injury Scale chest and extremity scores, and the
presence of chronic obstructive pulmonary disease, the odds of
developing pneumonia in the ketorolac group was 0.14 (95%
CI, 0.04-0.46). Thirty-day ventilator-free days were signifi-
cantly increased in the ketorolac group, as was 30-day ICU-
free days. The lack of information regarding cointerventions is
a major confounder in this study.

Solak et al.> conducted a prospective randomized clinical
trial to determine the effectiveness of transdermal fentanyl as
part of a multimodal approach for managing pain related to mul-
tiple rib fractures. Three groups were compared using three dif-
ferent routes for opioid administration: intramuscular pethidine
(opioid), intravenous PCA with fentanyl, and transdermal fenta-
nyl. All three groups received an intercostal nerve block and
paracetamol (acetaminophen) during the first 5 days of admis-
sion. While the mean pain score decreased after treatment in
each group, pain control was not statistically different among
the groups when tested with analysis of variance. The study
was limited by lack of blinding, lack of a direct comparison or
placebo, and imprecision given the small number of subjects
(N = 15) in each group.

Grading the Evidence

No studies met the inclusion criteria for this question;
therefore, an evidence profile was not created. There is limited
evidence of very low quality for the use of multimodal analgesia
in blunt thoracic trauma.

Recommendation

Although the quality and quantity of evidence for the use
of multimodal analgesia in adult patients with blunt thoracic
trauma are very limited, we conditionally recommend this mo-
dality. This recommendation is based on very low-quality evi-
dence but places a high value on patient preferences for
analgesia. There is some indirect evidence that multiple analge-
sic modalities (i.e., transdermal fentanyl, NSAIDs), when com-
bined, decrease pain in patients with blunt thoracic trauma.
Use of alternative agents for patients with refractory pain is con-
sistent with the clinical experience of the group, as patients often
seek alternatives when a standard sole opioid regimen fails.
Moreover, standard sole opioid regimens are often associated
with adverse effects, especially as doses are escalated, thus re-
quiring consideration for additional nonopioid analgesics.

RESULTS FOR PICO QUESTION 5

In adult patients with blunt thoracic trauma (P), does con-
tinuous intercostal infusions of local anesthetics (I) versus
nonregional modalities of pain control (C) (i.e., intravenous or
enteral analgesics such as opioids, acetaminophen, NSAIDs)
improve analgesia, decrease pulmonary complications and need
for mechanical ventilation, shorten length of stay, and/or de-
crease mortality (O)?

Qualitative Synthesis

No studies met the inclusion criteria for this PICO ques-
tion, but two related studies'>*° were included for narrative re-
view. These studies warranted a brief narrative review insofar
as both represent the limited literature available describing the
use of intercostal nerve blocks for blunt thoracic trauma. Truitt
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Figure 5. Risk-of-bias summary.

et al.'” examined 102 patients who were treated with intercostal
nerve block catheters for three or more rib fractures. Postblock
pain scores were significantly lower with coughing, and maxi-
mal sustained inspiration was statistically significantly higher
postblock. When compared with 75 matched historical control
patients who received epidural analgesia, mean hospital length

© 2016 Wolters Kluwer Health, Inc. All rights reserved.

of stay was reduced significantly (2.9 days in the intercostal
nerve block group compared with 5.9 days in the historical con-
trol; p value not reported). Osinowo et al.*’ studied the efficacy
of intercostal nerve block in 21 patients with rib fractures. Peak
expiratory flow rates, arterial oxygen saturation, and pain scores
were significantly improved postblock.

Recommendation

Because of the lack of studies that fulfilled our inclusion
criteria, no evidence profile was created. Because of insufficient
evidence, we are unable to make a recommendation.

Using These Guidelines in Clinical Practice

These guidelines represent a detailed summary and com-
prehensive overview of the literature regarding analgesia for
blunt thoracic trauma. They are meant to inform the decision-
making process and not replace clinical judgment. The overall
risk of bias for all studies was high (Fig. SQ, with the exception
of a few small, underpowered studies.'**>>° The limitations
with the available literature precluded the formulation of strong
recommendations by our panel (Table 3).

CONCLUSIONS

In summary, we propose two evidence-based recommen-
dations regarding analgesia for patients with blunt thoracic
trauma. In adult patients with blunt thoracic trauma, we condi-
tionally recommend the use of epidural analgesia and multi-
modal analgesia (i.e., use of different classes of analgesics,
including combinations of opioids with other agents such as
NSAIDs, pregabalin/gabapentin, acetaminophen) versus opioids
alone to treat pain. These recommendations are in contradistinc-
tion to the previously published Practice Management Guideline
published by EAST in 2005.° The previous guideline included
data from studies that examined the use of analgesic modalities
in patients with thoracic surgery performed for reasons other
than trauma and did not use the GRADE framework. Using
the GRADE methodology for evaluating the data related to the
outcomes of interest for this recommendation, we were unable
to formulate any strong recommendations based on the very
low quality of available literature pertaining specifically to pa-
tients with blunt thoracic trauma (Fig. 5). Our consensus view
of the balance between desirable and undesirable consequences
of analgesic interventions is based only on limited evidence but
places a strong emphasis on patient values and preferences.

Despite several decades of research regarding the use of
various analgesic modalities for thoracic surgery, there exists a
relative paucity of data concerning optimal pain management
for patients with blunt thoracic trauma. Interpretation of results
from nontrauma studies is problematic; a consequence may be
the slavish translation of analgesic modalities for trauma pa-
tients for which benefits and risks have not been fully verified.
The GRADE approach is a systematic approach for grading
the strength of management recommendations. This approach
helps minimize bias and aid interpretation and explicitly re-
quires careful identification of the patient population as a first
step.'® Our review of the literature indicates that future work is
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urgently required in this area, including the need for high-
quality, prospective, controlled studies to evaluate analgesic mo-
dalities for patients with blunt thoracic trauma.

tionally recommend the use of epidural analgesia versus opi-
oids alone to improve analgesia and patient outcomes.

tionally recommend the use of multimodal analgesia versus
opioids alone to improve analgesia and patient outcomes.

PICO 1: In patients with blunt thoracic trauma, we condi-

PICO 4: In patients with blunt thoracic trauma, we condi-
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