EDUCATION

Bruno Riou, M.D., Ph.D., Editor

Case Scenario: Pain-associated Respiratory Failure in

Chest Trauma

Young Ahn, M.D.,* Klaus Gérlinger, M.D.,T Hasan B. Alam, M.D.,1 Matthias Eikermann, M.D., Ph.D.§

T HE leading cause of death in young people is trauma.
Chest trauma has high associated mortality, thus diag-
nosis and treatment need to be addressed early on presen-
tation.! The incidence of rib fractures range from 10% to
26% in traumatic thoracic injury and the number of rib frac-
tures independently predict patients’ pulmonary morbidity
and mortality.? Numerous cardiopulmonary to neurologic
causes such as tamponade, hemo- pneumothorax, and cervi-
cal spine injury can be implicated (fig. 1). Severe respiratory
distress can also result from breathing-dependent pain where
parenteral opioids are often insufficient in addressing the
pain and associated respiratory failure.> Epidural analgesia
is associated with reduction in mortality for all patients with
multiple rib fractures but is underused, in part due to the
potential risks of epidural hematomas.>* Variables that alter
the risk of bleeding including age and sex, comorbidities
such as diabetes and liver cirrhosis, severity of trauma and
degree of resuscitation, and anticoagulation or antiplatelet
therapy must also be considered.

We describe a patient under clopidogrel therapy presenting
to the intensive care unit (ICU) with severe respiratory distress
that improved with epidural analgesia. We provide a discussion
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of the risks and benefits of neuraxial analgesia in patients pre-
senting with rib-fracture pain-related respiratory failure.

Case Report

A 79-yr-old man with a history of chronic obstructive pul-
monary disease, bronchiectasis, coronary artery disease
postplacement of bare-metal stent several years ago, hyper-
tension, and diabetes was transferred to our hospital shortly
after motor-vehicle collision. Home medications were aspi-
rin 325 mg, clopidogrel 75 mg per day (taken morning of
accident), as well as inhaled tiotropium, inhaled fluticasone/
salmeterol, albuterol, isosorbide dinitrate, metformin, and
simvastatin. On arrival, the patient was hemodynamically
stable with pulse oximeter saturations of 94% on a nonre-
breather mask with 60% inspired oxygen concentration.
Computed tomography imaging revealed second to ninth
anterior right rib fractures, fourth through ninth anterior
left rib fractures, and posterior 10th and 11th left rib frac-
tures, but without flail chest nor pneumothorax. A small
left pleural effusion, left lung and lingular atelectasis, and
minimal ground glass opacity in the right upper lobe, and
a small right-lower lobe pulmonary contusion were shown
(fig. 2). The patient received 3 1 lactated Ringer’s solution
before arriving in our ICU. His Injury Severity Score of 24
was primarily due to rib and lung injuries (16 points), then
moderate head and surface injuries (4 points each).

After admission to the surgical ICU, he developed
increasing pain-related respiratory distress during the
day. Tylenol was administered, and hydromorphone
0.2mg intravenously produced somnolence, but minimal
improvement of respiratory effort and pain. He had an
electrocardiogram  unremarkable for cardiac ischemia
and negative cardiac isoenzymes and brain-natriuertic
peptide. Stat upright chest radiograph revealed left lower
lobe opacities and bilateral atelectasis, without evidence of
pneumothroax or significant injury to the lung parenchyma.
He had a weak cough and impaired peak flow of 0.8 I/min
(Hudson Respiratory Care Inc., Teleflex Medical, Research
Triangle Park, NC). Bilevel positive airway pressure was
instituted, but the patient continued to have respiratory and
neurologic deterioration.

Intubation with mechanical ventilation or epidural
analgesia attempt to improve respiratory function was
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Respiratory failure following chest trauma

Noncardiogenic

Mechanism Pneumo/
pulmonary edema
Hemotharsx (NPPE or ALI)
Clinical Paradoxical Regional decrease
impression breathing, in breath sounds,
acute rhonchi, strident
progression wheezing, hemor-
rhagic sputum
Imaging Lung collapse, Asymmetric
pleural effusion, peribronchial
mediastinal infiltrates
shift

Respiratory Failure and Hemostasis in Chest Trauma

Cardiogenic: Neurogenic:
Contusion/ Cervical spine Rib fractures/
Tamponade/ injury flail chest
pulmonary edema
Signs and Paradoxical Pain,
symptoms of inward movement segment moves
right/left heart of upper thorax paradoxically
failure (lower lesions) inward during

rapid shallow inspiration
breathing Progression:
(high lesions) hours
Bilateral infiltrates, Spinal cord Lung contusion
hypckinesia, transection Atelectasis
impaired filling,

pericardial effusion

Fig. 1. Mechanism of respiratory failure following trauma. It is essential to completely evaluate the broad differential of respira-
tory failure following trauma. This includes ruling out non- cardiogenic pulmonary edema, cardiogenic causes, neurologic causes
such as cervical spine injury, and pneumothorax and hemothorax. Both the imaging and clinical presentation can share similari-

ties and have distinguishing characteristics.

discussed. Labs, approximately 10h postadmission revealed
a prothrombin time of 12.2 s, an international normalized
ratio of 1.1, partial thromboplastin time of 26.3 s, and
platelet count of 321,000 pl™, all within normal limits.
Thromboelastogram (TEG®; Haemonetics, Niles, IL) was
performed with the following result (reference values in
parenthesis): R time: (2-8 min), K (1-3 min), Alpha (55-78
degrees), MA (51-69 mm) (fig. 3). The increased maximum
amplitude in the TEG indicated a trend to a hypercoagulable
state, thus no platelets or hemostatic interventions were
given.® Informed consent for epidural placement was
obtained, including the bleeding risks associated with
trauma and antiplatelet therapy.

A midthoracic epidural catheter was placed uneventfully.
Bupivicaine 0.1% and hydromorphone 20 <mu>g /ml epi-
dural mix was bolused at 3ml and an infusion initiated at
6ml/h, with improvement in pain control and respiratory
function. Peak flow improved to 1.5 [/min and the patient

€} Fractured rib

4.__-9—-— Atelectasis

Pleural effusion

Fig. 2. CT imaging representative of typical chest trauma pa-
tient’s injuries. Fractured rib, atelectasis, and pleural effusion
can be seen in the CT scan. No pneumothorax is seen in this
image, either. CT = computed tomography.
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was able to maintain SpO2 100% on 4 | nasal cannula with-
out further use of parenteral opioids. He was discharged to
the trauma step-down unit 2 days after epidural placement.
Clopidogrel was held until the catheter was removed 5 days
after placement.

Discussion

There are multiple components of respiratory compro-
mise due to chest trauma. It is important to immedi-
ately assess for catastrophic cardiogenic, noncardiogenic
pulmonary, and neurogenic causes of respiratory failure,
including tension pneumothorax, hemothorax, cardiac
tamponade, cardiac contusion and stunning, and cervical
injury.>® Physical examination (vital signs, respiratory and
cardiovascular examination, cervical spine instability) as
well as bedside ultrasound are essential parts of the initial
assesment.

In cases of multiple rib injury or flail chest, pain and inad-
equate respiratory efforts can increase vulnerability to atelec-
tasis and work of breathing with decrease in the ability to
clear secretions. Additionally, over the ensuing 24-48 h, pul-
monary contusions can result in worsened ventilation and
perfusion mismatch. Interestingly, the severity of pulmonary
contusion may be less in older patients with the same degree
of rib fractures. This is due to lower energy levels required to
fracture the relatively brittle ribs of older patients.

Positive pressure (such as continuous positive airway
pressure) to prevent atelectasis and adequate analgesia to
achieve satisfactory pulmonary mechanics is key to treating
rib fractures and pulmonary contusions. Severe lung injury
and acute respiratory distress syndrome may necessitate intu-

bation and mechanical ventilation.>°

However, maintaining
spontanecous ventilation would be desirable in preventing
further injury from barotrauma. If epidural analgesia is indi-

cated, hemostatic considerations need to be considered.
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Sample data: Units
SP: min
R: (2-8) min
K: (1-3) min
Angle: (55-78) deg
MA: (51-69) mm
Cl: (-3-3)
G: (4.6K-10.9K) d/sc
LY30: (0-8) %
EPL: (0-15) %
A: mm

K Angle MA Cl G LY30 EPL A

min deg mm d/sc % % mm
11 719 761 32 159K 00 00 764

Sample data: Units

SP: 4.1 min

R: 5.2 min

K: 1.1 min

Angle: 71.9 deg

MA: 761 mm

Cl: 3.2

G: 15.9K d/sc

LY30: 0.0 %

EPL: 0.0 %

A: 76.4 mm

Fig. 3. Thrombelastogram taken before insertion of the epidural catheter. R time (reaction time in seconds) is the time from the
start of the test until initial clot formation, arbitrarily defined as the trace amplitude of 2 mm. K time (coagulation time in seconds), is
the time taken for the trace amplitude to increase from 2 to 20 mm, and the alpha angle (in degrees) is formed between the midline
and the tangent to the main body of the trace. Both describe the dynamics of clot formation. MA represents the highest amplitude
of the trace. As noted in the text, the patient had regular markers of coagulation on thrombelastography, despite recent clopido-
grel use. In fact, the elevated MA, reflective of clot strength, points toward a hypercoagulable state. MA = maximum amplitude.

Preexisting Antiplatelet Therapy

The literature on epidural catheter placement in the set-
ting of antiplatelet agents is sparse.”® The responsiveness
to aspirin and clopidogrel and recovery of platelet function
after discontinuation of treatment show considerable vari-
ability."""'* This may be due to patient’s compliance, genetic
factors, comorbidities, inflammation, plasma fibrinogen
concentration, and/or comedication.'*!> Thus, detection of
platelet dysfunction may be more clinically relevant than
prediction based on medication administration history.

Novel Oral Anticoagulants

Several new oral anticoagulants work by direct factor Xa
(rivaroxaban and apixaban) or thrombin (dabigatran) inhi-
bition and are given in fixed doses without lab monitoring.'®
However, severe bleeding complications, including intrace-
rebral hemorrhage, have been reported in patients over 75 yr
of age and patients with impaired renal function.”"? Special
coagulation tests, such as anti-Xa-activity (rivaroxaban and
apixaban), ecarin time or modifications of the thrombin time
(Hemoclot® thrombin inhibitor test for dabigatran; Hyphen
BioMed, Neuville-sur-Oise, France), are used to quantify
the anticoagulant effects of these new drugs.® Here, visco-
elastic and point-of-care tests such as certain ecarin-based
thromboelastography and rotational thromboelastography
tests may be helpful for timely detection of these new oral

anticoagulant effects.!”*!
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Trauma-induced Goagulopathy

Trauma-induced coagulopathy is multifactorial. It is pri-
marily driven by thrombin production from tissue injury
and activation of the protein C and fibrinolytic pathways,
with continued acidosis, hypothermia, hemodilution, and
inflammation.?>? Patients may exhibit hypercoagulabil-
ity from inflammation and the subsequent acute phase
reaction 24-48h after initial hemorrhage and trauma.
Activated circulating cells (platelets, monocytes) and
increased plasma levels of factor VIII, von Willebrand
factor and fibrinogen also contribute to trauma-induced
coagulopathy.

Because the fibrinolytic pathway is suppressed in the early
phase of disseminated intravascular coagulopathy and sep-
sis, these changes in the fibrinolytic pathway can potentially
be detected by viscoelastic tests.?* Thromboelastography is
predictive for both bleeding and thromboembolic events in
trauma,”** and ROTEM-guided hemostatic therapy (Tem
International, Munich, Germany) has been associated with
reduction in transfusion requirements and thrombotic events
compared with conventional coagulation tests in cardiac sur-
gery.”*® Thus it might be possible by using viscoelastic tests
to detect trauma-induced coagulopathy early (by identifying
hyperfibrinolyis and reduced clot firmness) and to discriminate
between trauma-induced coagulopathy (bleeding risk) and dis-
seminated intravascular coagulation (thrombosis risk).”?” Our
patient did not show signs of trauma-induced coagulopathy,
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Table 1. Epidural Analgesia after Clopidogrel in Trauma Patients; Clinical Considerations for Decision Making

May Increase May Decrease TEG Variable Other POC
Bleeding Risk Bleeding Risk to Assess Method to Assess
Severity of Trauma Yes (within the Yes (in acute phase R time, MA ROTEM
first days after later than 2-3
trauma) days after trauma)
Comorbidities:
von Willebrand disease Yes No Non PFA-100
Diabetes mellitus No Yes MA MEA
Renal failure Yes No MA MEA
Liver cirrhosis Yes No R time, MA MEA
ROTEM
Age
> 60 yr (male) No Yes R time, MA MEA
<40yr (female) No Yes R time, MA MEA
Aspirin, NSAID Yes No Platelet mapping PFA-100
MEA
HMW heparin Yes No R time ROTEM
Warfarin (Anti-vitamin K drugs) Yes No R time ROTEM
Fluid resuscitation (with colloids) Yes No MA ROTEM
Platelet transfusion No Yes MA MEA
FFP/cryoprecipitate transfusion No Yes MA ROTEM
Time between clopidogrel and No Yes Platelet mapping MEA
neuraxial analgesia ROTEM

Multiple types for each category of POC systems exist. The broad category of POC has been listed. Clinical input form result should be
considered only after confirming appropriate type of POC has been performed.

FFP = fresh frozen plasma; HMW = high molecular weight (unfractionated) heparin; MA = maximum amplitude; MEA
= multiple electrode aggregometry Multiplate®. VerifyNow ® may be used instead of MEA to assess platelet function;
NSAIDS = nonsteroidal anti-inflammatory drug; POC = point-of-care; PFA- 100® = Platelet Function Analyzer 100; R — time = reaction

time; ROTEM® = Rotational Thromboelastometry; TEG® = Thromboelastography.

but rather risk of thrombosis and hypercoagulability with
supranormal maximum amplitude in TEG analysis.*

Point-of-care Testing
If available, viscoelastic and point-of-care platelet function
tests can support decision making if platelet dysfunction
is suspected (table 1).7%° Point-of-care platelet function
analysis can be assessed with modified thromboelastogra-
phy (TEG Platelet Mapping®; Haemonetics, Niles, IL),
Platelet Function Analyzer PFA-100" (Siemens Healthcare
Diagnostics, Eschborn, Germany), the VerifyNow® system
(Accumetrics, San Diego, CA), or whole blood impedance
aggregometry (Multiple Electrode Aggregometry; Multi-
plate® Roche Diagnostics, Mannheim, Germany).'"'> These
last two have been shown to reliably detect the antiplatelet
effect of aspirin, nonopioid analgetic drugs, clopidogrel, pra-
sugrel, and GPIIbIIIa receptor antagonists.>

Whole blood impedance aggregometry in particular has
been useful in detecting the effects of clopigogrel, desmo-
pressin, and tranexamic acid.*"#? Additionally, it can predict
stent thrombosis and bleeding complications in patients
undergoing cardiac procedures. Thus, a “therapeutic Mul-
tiple Electrode Aggregometry window” balancing risks of
bleeding and thrombosis can be defined, which would be

Anesthesiology 2013; 118:701-8

ideal in patients with coronary stents.'"'* As noted, throm-
bin time, escarin-activated clotting time, and thrombin-acti-
vated viscoelastic point-of-care tests are a few ways to reliably
monitor the effects of direct thrombin inhibitors.'”?!

We do not recommend epidural analgesia in the set-
ting of abnormal point-of-care platelet function results or
if thrombocytopenia is present. However, if aggregome-
try results are normal despite moderate thrombocytopenia
(50,000-150,000 pl™) or a history of clopidogrel use, a suf-

ficient platelet function can be assumed.*

Individualized Risk-Benefit Analysis

Our patient was at imminent risk of intubation and mechan-
ical ventilation for acute respiratory distress. We assessed the
risks and benefits, while considering variables that could
affect our patient’s coagulation status (table 1).

Risk of Epidural Hematoma Associated with Neuraxial
Analgesia

The incidence of neuraxial hematoma after epidural anesthe-
sia is estimated to be 1:150,000 patients. A chart review of
306 vascular surgery patients who held clopidogrel on the
morning of epidural placement and another review of 130
patients without any interruption of clopidogrel showed no
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Respiratory failure due to chest pain from rib

fractures after traumatic thoracic injury

Cardiogenic pulmonary etiology excluded?

o l
Maximize appropriate multimodal,

conservative Eain management, including
multimodal pharmacologic treatment

lo
Appropriate cardiac/pulmonary work-up,

maximize appropriate multimodal,
conservative pain management

Improvement? ——{)—> Maintain conservative treatment

o|

Consent for epidural anesthesia <

o O

Consider
epidural

—y

. Platelet aggregation
inhibited?

. High trauma severity
. Excessive fluid

resuscitation
(with colloids?)

4. INR increased?
. Platelet count <50k

ml infusions, to #6

TEG®

N

(2]

v

6. Therapeutic
heparin/LMWH?

°|

Thoracic epidural
catheterization

Rl

o Multiplate® __
VerifyNow®

If bleeding
ROTEM® — > risk normal, —@—

o If sustained improvement M
with coagulation, to #5 W
If sustained platelet count
—0—>  >50,000 with platelet =~ ———D—]

0 If able to stop treatment 0

until normalized, to #7

indication
for vent wean

If bleeding
risk normal, —0—» Mechanical

to #2 ventilation

A

to #4

P

v

8. Improvement? _o o

>

L

Continue management without
mechanical ventilation

Fig. 4. Proposed algorithm for decision support. Cardiovascular, pulmonary, traumatic as well as hemostatic factors need to be
considered. Conventional pain therapy must be optimized before considering epidural analgesia. If available, platelet function
analysis should be performed in patients treated with antiplatelet drugs or in case of expected platelet function disorders. It is
important to note that epidural catheterization and mechanical ventilation are not necessarily mutually exclusive as endpoints,
and the pathways can be interconnected and synergistic. INR = International Normalized Ratio; LMWH = low molecular weight
heparin; Multiplate® = MEA = multiple electrode aggregometry; ROTEM® = rotational thromboelastometry; TEG® = thromb-
elastography; VerifyNow® = whole blood turbidimetric platelet aggregometry.

neurological complications or epidural hematomas after epi-
dural placement.”!® Extrapolating this data to evaluate the
true individual risk is difficult, given the low incidence and
relatively low sample size of this retrospective analysis. Guide-
lines for elective cases by the American Society of Regional
Anesthesia and the European Society of Anesthesiologists

Anesthesiology 2013; 118:701-8 705

both recommend discontinuing clopidogrel 7 days before

neuraxial anesthesia.?>3*

If anesthesiologists decide not to
follow these recommendations, then frequent neurologic
checks are essential to identify early an epidural hematoma.
In addition, we recommend that an epidural catheter with-

out metal coils should be used which can stay in situ during
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magnetic resonance imaging if needed. An appropriate sur-
gical consultant needs to be immediately consulted if emer-
gent spinal decompression is required.

Risk of Mechanical Ventilation

Ninety percent of ICU-acquired pneumonias occur during
mechanical ventilation and half of ventilator-associated pneu-
monias develop within 4 days of intubation. The incidence of
ventilator-associated pneumonias ranges from 10% to 25%,
with mortality between 10% to 40%, when on average add-
ing 6 ICU and 18 hospital days to patient admissions.?>
Mechanical ventilation for 48h is a significant risk factor for
developing stress ulcer-related bleeding, venous thromboem-
boli, and pressure ulcers.?”” There is often increased difficulty
after neurologic exams and delay in ambulation and physi-
cal therapy during mechanical ventilation, and immobility-
related adverse effects need to be taken into account.

Risk of Stent Thrombosis after Coronary Artery Stent
Implantation

Discontinuation of dual antiplatelet therapy within 3
months of bare metal stent placement or 12 months after
drug-eluting stent implantation is associated with increased
risk of stent thrombosis. Furthermore, the proinflamma-
tory state after major trauma or surgery itself is a consider-
able risk factor for stent thrombosis due to an acute phase
reaction, marked by increased production of C-reactive
protein, ferritin, and especially fibrinogen. In pregnancy
and long-standing diabetes, this has been shown to com-
pensate for thrombocytopenia or platelet dysfunction,
resulting in low responsiveness to antiplatelet therapy.?'-%3
Accordingly, point-of-care tests may provide individual-
ized therapy to reduce the risk of spinal bleeding and stent

thrombosis.'?243!

Alternative Techniques for Pain Management

Multimodal conservative pain management with intrave-
nous and oral analgesia using opioids, nonsteroidal anti-
inflammatory agents, and/or acetaminophen is ideal if
tolerated from a respiratory standpoint. Of the nonpharma-
cologic interventions, thoracic paravertebral catheters have
improved pain and pulmonary function for patients with rib
fractures. However, due to both extension from the paraver-
tebral space and inadvertent epidural placement, a similar
bleeding risk profile exists for both techniques.*®*' With the
use of real-time ultrasound, the risk of misplacement may
have to be reassessed in the future.

Interpleural catheters have also demonstrated effec-
tivenes, although the insertion site can be a significant source
of discomfort, and especially with bilateral catheters, the risk
of local anesthetic toxicity must be weighed.” Similarly, rib
blockades can be considered, but multiple, repeated blocks
carry concern for local anesthetic toxicity. Surgical fixa-
tion of ribs in patients with severe flail chest may improve
pulmonary function while decreasing days of mechanical

Anesthesiology 2013; 118:701-8
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ventilation, mortality, and even cost of care. However, most
patients are already mechanically ventilated with this degree
of injury. The procedure is not without risk, with up to a
10% reoperative rate due to hardware causing pain.* Finally,
patients with gross, irreversible coagulation abnormalities or
difficulty with neuraxial analgesia placement may require
mechanical ventilation and sedation.

Knowledge Gap

The clinical scenario of a patient on antiplatelet medications
with chest trauma induced acute respiratory failure is complex.
Most guidelines on elective regional anesthesia in patients are
primarily based on the half-life time of the drugs and of limited
help in this setting. Thus, the decision to perform unplanned
neuraxial blockades in patients with altered hemostasis needs
careful assessment of individual risks and benefits.

Recent literature on patients with severe trauma or cardiac
procedures demonstrated that functional point-of-care testing
of hemostasis may be helpful in both risk-benefit analysis and
guidance of hemostatic therapy.””** The authors are aware that
the evidence for using viscoelastic and aggregometric tests for
point-of-care diagnostics in neuraxial anesthesia is low. Further
evaluation and validation is needed. However, meaningful,
prospective, randomized controlled trials are not feasible due
to the low incidence of spinal hematoma after neuraxial anes-
thesia.** Though point-of-care testing of hemostasis is not
uniformly available, the authors tried to provide a simplified,
rational algorithm to guide risk-benefit analysis for epidural
placement in thoracic trauma patients (fig. 4). This will also
need validation in future clinical studies.

Algorithm for Decision Support

In patients presenting with chest trauma and pain-related
respiratory distress, the benefits of epidural placement to
avoid prolonged mechanical ventilation may outweigh the
risks. An algorithm to provide decision supports is proposed
(fig. 4). Initially, one must exclude primary cardiogenic or
pulmonary etiology. If multimodal systemic analgesic therapy
is ineffective, the patient’s coagulation status must be assessed.
Ultimately, patients’ levels of pain and associated respiratory
distress, medical comorbidities, preadmission medications, as
well as the available tests to characterize and correct coagula-
tion status must be assessed. This determines whether regional
anesthesia with spontaneous ventilation or mechanical ven-
tilation with parenteral analgesia and sedation is required.
Additionally, if continued respiratory failure on mechanical
ventilation is due to impaired respiratory mechanics from rib
fracture pain, epidural analgesia should be considered to help
decrease sedation and improve mechanical wean.

The authors thank Edward Bittner, M.D., Ph.D. (Associ-
ate Director for Education, Department of Anesthesia, Criti-
cal Care, and Pain Medicine, Massachusetts General Hospi-
tal, Harvard Medical School, Boston, Massachusetts), who
was also staff intensivist during care of the patient and who
reviewed the case scenario.

Ahn et al.

220z Yol 1 uo 3senb Aq Jpd-€£000-000€0€ | 02-27S0000/25€652/L0L/€/8L L /jpd-ajoiue/ABojoisayisaue/Bio byese:sqnd;/:dny woly papeojumoq



EDUCATION

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Peytel E, Menegaux F, Cluzel P, Langeron O, Coriat P, Riou B:
Initial imaging assessment of severe blunt trauma. Intensive
Care Med 2001; 27:1756-61

. Flagel BT, Luchette FA, Reed RL, Esposito TJ, Davis KA,

Santaniello JM, Gamelli RL: Half-a-dozen ribs: The break-
point for mortality. Surgery 2005; 138:717-23; discussion
723-5

. Gibbons J, James O, Quail A: Management of 130 cases

of chest injury with respiratory failure. Br J Anaesth 1973;
45:1130-5

. Bulger EM, Edwards T, Klotz P, Jurkovich GJ: Epidural anal-

gesia improves outcome after multiple rib fractures. Surgery
2004; 136:426-30

. O’Connor JV, Adamski J: The diagnosis and treatment of non-

cardiac thoracic trauma. J] R Army Med Corps 2010; 156:5-14

. Davignon K, Kwo J, Bigatello LM: Pathophysiology and man-

agement of the flail chest. Minerva Anestesiol 2004; 70:193-9

. Litz RJ, Gottschlich B, Stehr SN: Spinal epidural hematoma

after spinal anesthesia in a patient treated with clopidogrel
and enoxaparin. ANESTHESIOLOGY 2004; 101:1467-70

. Tam NL, Pac-Soo C, Pretorius PM: Epidural haematoma after

a combined spinal-epidural anaesthetic in a patient treated
with clopidogrel and dalteparin. Br J Anaesth 2006; 96:262-5

. Osta WA, Akbary H, Fuleihan SF: Epidural analgesia in vascu-

lar surgery patients actively taking clopidogrel. Br J Anaesth
2010; 104:429-32

Madi-Jebara S, Rkeiby-Kassabian N, Yazigi A: [Antiplatelet
agents and regional anaesthesia: Experience in 130 patients].
Ann Fr Anesth Reanim 2005; 24:565

Ferreiro JL, Sibbing D, Angiolillo DJ: Platelet function testing
and risk of bleeding complications. Thromb Haemost 2010;
103:1128-35

Sibbing D, Steinhubl SR, Schulz S, Schomig A, Kastrati A:
Platelet aggregation and its association with stent thrombosis
and bleeding in clopidogrel-treated patients: Initial evidence
of a therapeutic window. J Am Coll Cardiol 2010; 56:317-8
Benzon HT, McCarthy RJ, Benzon HA, Kendall MC, Robak S,
Lindholm PF, Kallas PG, Katz JA: Determination of residual
antiplatelet activity of clopidogrel before neuraxial injec-
tions. Br J Anaesth 2011; 107:966-71

Tanaka KA, Dietrich W: Is it time to implement preopera-
tive platelet function testing before invasive procedures? Br J
Anaesth 2011; 107:842-3

Ang L, Palakodeti V, Khalid A, Tsimikas S, Idrees Z, Tran P,
Clopton P, Zafar N, Bromberg-Marin G, Keramati S, Mahmud
E: Elevated plasma fibrinogen and diabetes mellitus are asso-
ciated with lower inhibition of platelet reactivity with clopi-
dogrel. ] Am Coll Cardiol 2008; 52:1052-9

Spahn DR, Korte W: Novel oral anticoagulants: New
challenges for anesthesiologists in bleeding patients.
ANESTHESIOLOGY 2012; 116:9-11

Cotton BA, McCarthy JJ, Holcomb JB: Acutely injured patients
on dabigatran. N Engl J Med 2011; 365:2039-40

Garber ST, Sivakumar W, Schmidt RH: Neurosurgical compli-
cations of direct thrombin inhibitors—Catastrophic hemor-
rhage after mild traumatic brain injury in a patient receiving
dabigatran. J Neurosurg 2012; 116:1093-6

Truumees E, Gaudu T, Dieterichs C, Geck M, Stokes J: Epidural
hematoma and intraoperative hemorrhage in a spine trauma
patient on Pradaxa (dabigatran). Spine 2012; 37:E863-5

van Ryn J, Stangier J, Haertter S, Liesenfeld KH, Wienen W,
Feuring M, Clemens A: Dabigatran etexilate-a novel, revers-
ible, oral direct thrombin inhibitor: Interpretation of coagu-
lation assays and reversal of anticoagulant activity. Thromb
Haemost 2010; 103:1116-27

Anesthesiology 2013; 118:701-8

707

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Sucker C, Zotz RB, Gorlinger K, Hartmann M: Rotational
thrombelastometry for the bedside monitoring of recombi-
nant hirudin. Acta Anaesthesiol Scand 2008; 52:358-62

Lier H, Krep H, Schroeder S, Stuber F: Preconditions of hemo-
stasis in trauma: A review. The influence of acidosis, hypocal-
cemia, anemia, and hypothermia on functional hemostasis in
trauma. J Trauma 2008; 65:951-60

Maegele M: Frequency, risk stratification and therapeutic
management of acute post-traumatic coagulopathy. Vox Sang
2009; 97:39-49

Spiel AO, Mayr FB, Firbas C, Quehenberger P, Jilma B:
Validation of rotation thrombelastography in a model of sys-
temic activation of fibrinolysis and coagulation in humans.
J Thromb Haemost 2006; 4:411-6

Park MS, Martini WZ, Dubick MA, Salinas J, Butenas S,
Kheirabadi BS, Pusateri AE, Vos JA, Guymon CH, Wolf SE,
Mann KG, Holcomb JB: Thromboelastography as a better
indicator of hypercoagulable state after injury than pro-
thrombin time or activated partial thromboplastin time.
J Trauma 2009; 67:266-75; discussion 275-6

McCrath DJ, Cerboni E, Frumento RJ, Hirsh AL, Bennett-
Guerrero E: Thromboelastography maximum amplitude
predicts postoperative thrombotic complications including
myocardial infarction. Anesth Analg 2005; 100:1576-83

Gorlinger K, Dirkmann D, Hanke AA, Kamler M, Kottenberg
E, Thielmann M, Jakob H, Peters J: First-line therapy with
coagulation factor concentrates combined with point-of-care
coagulation testing is associated with decreased allogeneic
blood transfusion in cardiovascular surgery: A retrospective,
single-center cohort study. ANestHEsIOLOGY 2011; 115:1179-91

Weber CF, Dietrich W, Spannagl M, Hofstetter C, Jambor C:
A point-of-care assessment of the effects of desmopressin on
impaired platelet function using multiple electrode whole-
blood aggregometry in patients after cardiac surgery. Anesth
Analg 2010; 110:702-7

Davenport R, Manson J, De’Ath H, Platton S, Coates A, Allard
S, Hart D, Pearse R, Pasi KJ, MacCallum P, Stanworth S, Brohi
K: Functional definition and characterization of acute trau-
matic coagulopathy. Crit Care Med 2011; 39:2652-8

Schochl H, Cotton B, Inaba K, Nienaber U, Fischer H,
Voelckel W, Solomon C: FIBTEM provides early prediction of
massive transfusion in trauma. Crit Care 2011; 15:R265

Gorlinger K, Jambor C, Hanke AA, Dirkmann D, Adamzik M,
Hartmann M, Rahe-Meyer N. Perioperative coagulation man-
agement and control of platelet transfusion by point-of-care
platelet function analysis. Transfus Med Hemother 2007; 34:
396-411.

Hanke AA, Roberg K, Monaca E, Sellmann T, Weber CF, Rahe-
Meyer N, Gorlinger K: Impact of platelet count on results
obtained from multiple electrode platelet aggregometry
(Multiplate). Eur J Med Res 2010; 15:214-9

Horlocker TT, Wedel DJ, Rowlingson JC, Enneking FK, Kopp
SL, Benzon HT, Brown DL, Heit JA, Mulroy MF, Rosenquist
RW, Tryba M, Yuan CS: Regional anesthesia in the patient
receiving antithrombotic or thrombolytic therapy: American
Society of Regional Anesthesia and Pain Medicine Evidence-
Based Guidelines (Third Edition). Reg Anesth Pain Med
2010; 35:64-101

Gogarten W, Vandermeulen E, Van Aken H, Kozek S, Llau JV,
Samama CM; European Scoeity of Anaesthesiology: Regional
anaesthesia and antithrombotic agents: Recommendations of
the European Society of Anaesthesiology. Eur J Anaesthesiol
2010; 27:999-1015

Evans HL, Zonies DH, Warner KJ, Bulger EM, Sharar SR,
Maier RV, Cuschieri J: Timing of intubation and ventilator-
associated pneumonia following injury. Arch Surg 2010;
145:1041-6

Ahn et al.

220z UdJeln 1 uo 1senb Aq ypd'££000-000€0€ L 02-27S0000/L5E652/1.0.4/€/81 L 4pd-ajdie/ABojoisayisaue/Bio-byese sqndy/:dpy woy papeojumoq



30.

37.

38.

39.

Rello J, Ollendorf DA, Oster G, Vera-Llonch M, Bellm L,
Redman R, Kollef MH; VAP Outcomes Scientific Advisory
Group: Epidemiology and outcomes of ventilator-associated
pneumonia in a large US database. Chest 2002; 122:2115-21

Granada UPP Group. Pressure ulcer incidence and risk factors
in ventilated intensive care patients. J Crit Care 2010; 25: 469-76.
Newsome LT, Weller RS, Gerancher JC, Kutcher MA, Royster
RL: Coronary artery stents: II. Perioperative considerations
and management. Anesth Analg 2008; 107:570-90

Angiolillo DJ, Shoemaker SB, Desai B, Yuan H, Charlton RK,
Bernardo E, Zenni MM, Guzman LA, Bass TA, Costa MA:
Randomized comparison of a high clopidogrel maintenance
dose in patients with diabetes mellitus and coronary artery dis-
ease: Results of the Optimizing Antiplatelet Therapy in Diabetes
Mellitus (OPTIMUS) study. Circulation 2007; 115:708-16

Anesthesiology 2013; 118:701-8

708

40.

41.

42.

43.

Respiratory Failure and Hemostasis in Chest Trauma

Karmakar MK, Critchley LA, Ho AM, Gin T, Lee TW, Yim AP:
Continuous thoracic paravertebral infusion of bupivacaine
for pain management in patients with multiple fractured ribs.
Chest 2003; 123:424-31

Lucas SD, Higdon T, Boezaart AP: Unintended epidural
placement of a thoracic paravertebral catheter in a patient
with severe chest trauma. Pain Med 2011; 12:1284-9
Mantzke U, Duda D, Dick W: [Interpleural analgesia: A topi-
cal review.]. Schmerz 1994; 8:12-8

Fitzpatrick DC, Denard PJ, Phelan D, Long WB, Madey
SM, Bottlang M: Operative stabilization of flail chest inju-
ries: Review of literature and fixation options. Eur J Trauma
Emerg Surg 2010; 36:427-33

Ahn et al.

220z Yol 1 uo 3senb Aq Jpd-€£000-000€0€ | 02-27S0000/25€652/L0L/€/8L L /jpd-ajoiue/ABojoisayisaue/Bio byese:sqnd;/:dny woly papeojumoq



