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Learner Outcomes

■ Review recent trends and advancements in trauma care, focusing on 
issues with: 

■ – Broad Visibility
– Significant Clinical Impact

■ Low Cost, High Yield

■ Ease of Implementation 

■ Specific Topics to be discussed include Lung Protective Ventilation and 
Damage Control Resuscitation.
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Outline

■ Lung Protective Ventilation

■ Thoracic Decompression

■ Alternative Vascular Access

■ POCUS-EFAST

■ Permissive Hypotension

■ Ketamine for Trauma 

■ Resuscitation Before Intubation

■ Guided Resuscitation-Use of ROTEM/TEG



Lung Protective Ventilation

■ During General Anesthesia Patients are at risk for several types of 
lung injury in the perioperative period including

■ Atelectasis

■ Pneumonia

■ Pneumothorax

■ ALI, ARDS



Positive pressure ventilation may injure the lung  
via several different mechanisms

VILI

Ventilator Induced Lung Injury (VILI) Lung inflammation “biotrauma”

Alveolar distension  
“VOLUTRAUMA”

Repeated closing and opening  
of collapsed alveolar units  

“ATELECTRAUMA”

Oxygen toxicity

Lung inflammation  
“BIOTRAUMA”

Multiple organ dysfunction syndrome



Respiratory Formulas
Ideal Body Weight= 50(Male)/45(female) +2.3 (height 
in inches-60)

4-8ml/kg IDW

Think of Respiratory Rate as it’s components (MV/Vt)

CO2 Correction Formula
(Current CO2 x Current RR)/Desired CO2=New RR



Lung Protective Strategies

Low Tidal Volume 4-8 ml/kg (PBW)
P plat < 30cmH2O

Best PEEP

Permissive Hypercarbia

Recruitment maneuvers to open lung



Recruitment Maneuvers (RMs)
Proposed for improving arterial oxygenation and enhancing
alveolar  recruitment

All consisting of short-lasting increases in intrathoracic pressures
• Vital capacity maneuver (inflation of the lungs up to 40 cm

H2O,  maintained for 15 - 26 seconds) (Rothen HU. BJA. 1999; 
BJA1993.)

• Intermittent sighs (Pelosi P. Am JRespir Crit Care Med. 2003.)
• Extended sighs (Lim CM. Crit Care Med. 2001.)
• Intermittent increase of PEEP (Foti G. Intensive Care Med. 2000.)
• Continuous positive airway pressure (CPAP) (Lapinsky SE. 

Intensive  Care Med. 1999. Amato MB. N Engl J  Med. 1998.)
• Increasing the ventilatory pressures to a plateau pressure of

50 cm H2O for 1-2 minutes (Marini JJ. Crit Care Med. 2004.
Maggiore SM. Am JRespir Crit Care Med.2003.)

Lapinsky SE and Mehta S, Critical Care 2005



Prevention / Reversal of Atelectasis
� Healthy lungs
ØReversible by passive hyperinflation (i.e., three successive 

inflations: a pressure of 20cmH2O for 10s; then a pressure of
30cm H2O for 15s; and third, a pressure of 40 cm H2O sustained
for 15s)

ØHigh initial pressures are needed to overcome the  anesthesia-
induced collapse and that PEEP of 5cm H2O or more is required
to prevent collapse

ØNo evidence of barotrauma or pulmonary  complications
occurred in the high initial airway  pressure



 
 
 
 
 
 
 
 
 
 
 
 
 
 
INCLUSION CRITERIA: Acute onset of 
1. PaO2/FiO2 ≤ 300 (corrected for altitude) 
2. Bilateral (patchy, diffuse, or homogeneous) infiltrates consistent with 

pulmonary edema 
3. No clinical evidence of left atrial hypertension 
 
PART I: VENTILATOR SETUP AND ADJUSTMENT 
1. Calculate predicted body weight (PBW) 

Males = 50 + 2.3 [height (inches) - 60] 
Females = 45.5 + 2.3 [height (inches) -60] 

2. Select any ventilator mode 
3. Set ventilator settings to achieve initial VT = 8 ml/kg PBW 
4. Reduce VT by 1 ml/kg at intervals ≤ 2 hours until VT = 6ml/kg PBW. 
5. Set initial rate to approximate baseline minute ventilation (not > 35 

bpm). 
6. Adjust VT and RR to achieve pH and plateau pressure goals below. 
 
 
 
 

         AARRDDSSnnee tt  OXYGENATION GOAL: PaO2 55-80 mmHg or SpO2 88-95% 
Use a minimum PEEP of 5 cm H2O. Consider use of incremental FiO2/PEEP 
combinations such as shown below (not required) to achieve goal.  
 
Lower PEEP/higher FiO2 

 

FiO2 0.3 0.4 0.4 0.5 0.5 0.6 0.7 0.7 
PEEP 5 5 8 8 10 10 10 12 
 

NIH NHLBI ARDS Clinical Network FiO2 0.7 0.8 0.9 0.9 0.9 1.0 
PEEP 14 14 14 16 18 18-24 Mechanical Ventilation Protocol Summary 
 
Higher PEEP/lower FiO2 
FiO2 0.3 0.3 0.3 0.3 0.3 0.4 0.4 0.5 
PEEP 5 8 10 12 14 14 16 16 
 
FiO2 0.5 0.5-0.8 0.8 0.9 1.0 1.0 
PEEP 18 20 22 22 22 24 
 
 
__________________________________________________________ 
PLATEAU PRESSURE GOAL: ≤ 30 cm H2O 
Check Pplat (0.5 second inspiratory pause), at least q 4h and after each 
change in PEEP or VT. 
If Pplat > 30 cm H2O: decrease VT by 1ml/kg steps (minimum = 4 
ml/kg). 
If Pplat < 25 cm H2O and VT< 6 ml/kg, increase VT by 1 ml/kg until 
Pplat > 25 cm H2O or VT = 6 ml/kg. 
If Pplat < 30 and breath stacking or dys-synchrony occurs: may 
increase VT in 1ml/kg increments to 7 or 8 ml/kg if Pplat remains < 30 cm 
H2O. 
 
 





Needle Decompression/Finger Thoracostomy

M Fitzgerald , Injury, Int. J. Care Injured (2008) 39, 9—20



■ M Fitzgerald , Injury, Int. J. Care Injured (2008) 39, 9—20



Chest tubes aren’t any better

Injury, Int. J. Care Injured (2008) 39, 9—20



No trocars

Injury, Int. J. Care Injured (2008) 39, 9—20



So who needs to be decompressed







Alternative vascular access

■ Intraosseous
– EZ IO
– FAST 1/Talon

■ Rapid Infusion Catheter

■ Don’t forget the EJ



: 
http://www.teleflex.com/en/usa/ezioeducation/documents/8082_Rev_A_US_FDA_Intraosseous_
Infusion_System_IFU.PDF



Why an IO

http://www.teleflex.com/en/usa/ezioeducation/documents/8082_Rev_A_US_FDA_Intraosseous_Infusion_
System_IFU.PDF



■ Indications
■ Difficult vascular access in emergent, 

urgent or medically necessary cases

– Fluid resuscitation
–Medication administration, etc.

■ Contraindications
■ Fracture in target bone

■ Infection at the area of insertion

■ Excessive tissue (i.e. severe obesity) 
and/or absence of adequate anatomical 
landmarks

■ IO catheter use in past 48 hrs of the 
target bone

■ Previous, significant orthopedic 
procedure at the site, prosthetic limb or 
joint



Complications
■ Infection

■ Extravasation which could result in compartment syndrome

■ Pain

– Insertion
– Infusion

■ Fracture of target bone

■ Catheter breakage

MODIFIED FROM: http://www.teleflex.com/en/usa/ezioeducation/documents/8082_Rev_A_US_FDA_Intraosseous_Infusion_System_IFU.PDF
AND www.hospitalprocedures.org



http://www.teleflex.com/en/usa/ezioeducation/documents/8082_Rev_A_US_FDA_Intraosseous_Infusion_System
_IFU.PDF



Sternal IO

https://www.teleflex.com/usa/en/fast1-io-infusion-
system/index.html







Rapid Infusion Catheter (RIC)



External Jugular Cannulation



Making it easier



E-FAST

■ Extended
■ Focused
■ Assessment with
■ Sonography in
■ Trauma



How do we use it

■ Answers specific Questions
■ Is there free fluid in the abdomen?

■ Is there free fluid in the pericardium?

■ Is there evidence of a pneumothorax/hemothorax?



How’s it done

■ Real time Views
■ Abdominal

– Perihepatic/RUQ
– Perisplenic/LUQ
– Pelvic (Long and Trans)

■ Cardiac
– Pericardial (usually 

subcostal)

■ Thorax
– RUQ
– LUQ
– Parasternal



Perihepatic/RUQ



Perisplenic/LUQ



Male vs Female

Pelvic



Pericardial View



Lung

■ Most anterior chest spaces in supine 
patient

■ Parasternal, longitudinal

■ Bat shape

■ Lung sliding (“trail of ants”)

■ Lung comets (Presence excludes PTx)

■ PTx
– Loss of lung sliding
– Lung point sign



What does it mean and how does it help
■ Free fluid is anechoic/sonolucent (Black) and 

has angularity to it’s margins (ie. takes the 
shape of it’s container)

■ Clot appears echogenic

■ Cannot differentiate fluid types

■ Clinical context is important (+/- diagnostic 
aspiration)

■ Generally require greater than 100-250mls 
free fluid

■ Dependent on bladder fullness/patient 
size/sonographer skill

■ Guides Management
– Prioritization
– What should be dealt with 

first

■ Ensures more accurate 
assessment

■ Thoroughness

Doesn’t rule anything out
Just a quick aid



Permissive Hypotension and 
Hemodynamics

How low is too low??



Heart Rate Limitations
■ 25% of hypotensive civilian trauma patients (SBP < 90) have a heart rate 

less than 90 
■ Absence of tachycardia is not reassuring
■ Blood loss is still possible
■ What falsely lowers HR? (examples)

– Traumatic injuries
– Medications

■ Physiologic difference among pts



When to use BP for resuscitation

■ Depends on type of bleeding –use goal SBP~90 if bleeding is 
non-compressible.

■ Where are the 4 areas in the body where non-compressible 
bleeding can occur?

■ What 3 areas of the body are semi-compressible or difficult to 
compress?



Pressure variations

■ Highly predictive of fluid responsiveness: Systolic pressure variation 
(SPV) (>12 mmHg)

■ Stroke volume variation (SVV)
■ Pulse oximeter amplitude variation
■ LIMITATIONS

– Only works for ventilated patients (not spontaneous)
– Must have Vt>8 ml/kg
– R-R interval must be fixed on ECG



SPV 
“Eye-ball” test = 82% sensitive (△>12mmHg)



CVP

■ >100 studies published to date

■ NO relationship between CVP (or change in CVP) and fluid responsiveness
– Some weak evidence -extremes of CVP may be of value<6 may be fluid 

responsive

■ >15 more IVF may cause overload
– Don’t use CVP in isolation



Abd US: Imaging endpoints

■ Respiratory changes in IVC diameter predicts fluid responsiveness
– Difficult to see with recent abdominal surgery (open abdomen)



What a ”well resuscitated” trauma looks like

■ SBP 100mmHg (if no TBI)
■ Sat >92%
■ temp > 95 (35)
■ uop> 30 (0.5 ml/kg/h)
■ Hb> 8.0
■ BD > -0.4
■ Lactate < 2.5
■ INR < 1.5



Ketamine for trauma

■ Multi Role
– Induction Agent
– Analgesic

■ Debunking the Myths



Etomidate Vs Ketamine

Study Details

4 year evaluation (968 patients) of a protocol switch from Etomidate to 
Ketamine as the induction agent utilized in trauma.

Is Ketamine superior?

Upchurch et all, Annals Emerg Med 2016



Ketamine in Traumatic Brain injury (TBI)

■ Contraindicated in Elevated Intracranial Pressure…………Or is it?

■ Studies of patients with head injury have identified the link between 
outcomes and the occurrence of hypotension and hypoxia.

Mean Values Etomidate Ketamine Midazolam Overall

Length of Stay (Days) 15.8 29.5 14.1 17.0
LTACa % 36.2 60.0 33.3 37.5
Home % 25.5 26.7 25.9 26.0

Expired % 38.3 13.3 40.7 36.5
Penetrating % 87.2 93.3 88.9 88.5
Blunt % 12.8 6.7 11.1 11.5

Time of Mortality (Days) 1.9 8.5 5.6 5.4

Cornelius et al, WJEM 2018



Subdissociative-Dose Ketamine Versus 
Morphine for Analgesia

■ In this trial, 90 adults with acute pain were randomized in the 
emergency department in double blind fashion to receive either 
ketamine at 0.3 mg/kg or morphine at 0.1 mg/kg intravenously. 

■ Pain score reductions and the proportion of patients with complete 
pain relief were statistically similar between groups, with reasonable 
power to exclude clinically important differences. 

■ There were no serious adverse events.

Motov et al.,Annals Emerg Med 2015



And in children's noses
■ What is already known on this topic

– Intranasal analgesia is increasingly used for children because it 
can be delivered quickly, with minimal upset.

■ What question this study addressed
– How does intranasal fentanyl 1.5 mg/kg compare with intranasal 

ketamine 1 mg/kg?
■ What this study adds to our knowledge

– Similar pain reduction was observed with either agent in this 
randomized double-blinded trial of 73 children with limb injuries. 
Ketamine had more adverse effects, but none serious. How this is 
relevant to clinical practice In the doses studied, intranasal 
ketamine appeared similarly effective to intranasal fentanyl.



Resuscitation before intubation:

Intubation shouldn’t be the cause of 
death



Physiologic Killers

■ Hypotension

■ Hypoxemia

■ Metabolic Acidosis



Hypotension Kills

– At least 2 proximal peripheral IVs (PIVs)
– If unable to get PIVs, IO can be used as well for RSI 
– Judicious bolus of IVF wide open or vasopressor support 
– Shoot for a higher than normal BP before intubating if possible 

(SBP ≥140mmHg)



Sedatives low, Paralytics high

– Doses of induction agents and paralytics should be adjusted 
according to pre-RSI physiology. This means reducing the dose of 
your induction agent and increasing the dose of your paralytic 
agent for several reasons:

– Ketamine should be the induction agent of choice in shock 
patients (Gives simultaneous sympathetic surge and pain 
control).

– Rocuronium should be the paralytic agent of choice. 



Push dose Pressors

■ Epinephrine

■ Phenylephrine

■ Vasopressin



Think NO DESAT (Nasal Oxygen During 
Efforts Securing A Tube)

– NC at 15LPM + NRB at 15LPM
– Keep a PEEP Valve close
– If you cannot get the O2 Saturation ≥95%, then consider the 

following:
■ Lung Shunt Physiology (i.e. Pulmonary Edema, Pneumonia, 

etc…). 



Intervention One

■ NC 15LPM + BVM 15LPM + PEEP Valve 5 – 15cmH20

■ They’re breathing, keep a good seal and let the magic happen



Intervention two-cooperate before 
intubate
■ Used for the uncooperative or combative patient

■ Procedural sedation for preoxygenation

■ Ketamine 0.5-1mg/kg



Intervention three-BUHE

■ Back Up-Head Elevated
– If they can breath there, let them keep at it.
– Don’t insist on laying everyone supine



pH kills

■ Try and avoid intubation in these patients if at all possible. 

■ Even consider a short trial of NIPPV while you try and correct the 
cause of metabolic acidosis.



Intervention One-Bicarbonate 

Tenuous at Best-Bicarbonate->CO2

Already tachypneic-increased CO2 makes this even worse

Increased circulating CO2 could worsen acidosis

Leading to arrhythmias 



Intervention Two-Vapox
■ Ventilator Assisted Pre-Oxygenation

■ Even a brief apneic period can worsen acidosis

■ Nasal Cannula at 15LPM

■ SIMV+PSV
– VT 8ml/kg Predicted Body Weight
– FiO2 100%
– Pressure Support 5-10cmH20
– PEEP-5
– Decrease flow rate to avoid stomach insufflation but meet needs of 

minute ventilation



Guided Resuscitation-Use of ROTEM/TEG



Viscoelastic testing





TEG Example



Examples



Drinkers guide to viscoelastic testing



Questions


