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TIME 1S IMPORTANT
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http://imgarcade.com/1/transparent-clock-gif/

NEJM 2017

* 49,331 Patients - 9 hospitals

* Rapid completion of a 3-hour
bundle of sepsis care

- rapid administration of
antibiotics

- not rapid completion of an
initial bolus of intravenous fluids

- Lower risk-adjusted in-hospital
mortality.
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Passage of Time Is Important

° Abdominal bleeding and time to laparotomy

° Extremity bleeding and time to tourniquets

* Time to transfusion in bleeding patients

° Time to resuscitation in septic patients

° Time to IR in pelvic hemorrhage

* Time to craniotomy

° Time to laboratory dx

° Time to antibiotics in sepsis

° Time to culture results and focused antibiotics

° Duration of Antibiotics

° Time to accurate diagnosis and treatment (eg, lysis for stroke and Ml)
° Rapid radiology reports.... Sent around the world, why not Al

° Who enjoys waiting for anything in the healthcare space?
- Why should we?
- Faster is almost always better?
- Transparency of information

- Process engineering to reduce delays in actionable information and improve quality of
care
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* Lots of Facts and Opinions
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J Trauma 2012

2001 - 2011, 4,596 battlefield fatalities were reviewed
87% (n = 4012) of all injury mortality occurred pre-MTF
24% (n = 976) were deemed potentially survivable (PS)
91% (n = 888) died from hemorrhage
67% (n = 598) died from truncal hemorrhage
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Figure 4. Injury/physiologic focus PS acute mortality (n = 976).

Figure 5. Anatomic focus of lethal PS hemorrhage.
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Trunkey - 1983

Classic Tri-Modal
Distribution of Death
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Injury 2016

Multiple authors have
now shown this pattern

Median time to Hem death = 1.65 hrs
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Hourly Mortality Rates in PROMMTT and PROPPR
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Trauma deaths from hemorrhage occur rapidly and in a
consistent pattern over time.

* What does this say about
timely intervention?
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Acd Em Med 2001

* Their search into the background of
this term yielded little supporting
scientific evidence

* 1975, Cowley RA. “the first hour after
injury will largely determine a critically-
injured person’s chances for survival’’

* 1979, Foster JT. “the mortality rate
triples for every 30-minute increase
from time of injury to definitive care”
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PEM 2006

9 discrete Intervals to consider n = 309,949

Optimize interventions and time in each interval
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Impact of prehospital mode of transport after severe injury: A
multicenter evaluation from the Resuscitation Outcomes
Consortium J Trauma 2012

Eileen M. Bulger, MD, Danielle Guffey, BS, Francis X. Guyette, MD, MPH, Russell D.
MacDonald, MD, MPH, Karen Brasel, MD, MPH, Jeffery D. Kerby, MD, PhD, Joseph P. Minei,
MD, Craig Warden, MD, MPH, Sandro Rizoli, MD, PhD, Laurie J. Morrison, MD, and Graham
Nichol, MD the Resuscitation Outcomes Consortium Investigators

* Transport time across 112 EMS
agencies in North America, (n=
2,049) with 34% transported by air.

* Ground patients took 43.5
minutes to arrive at trauma
centers while more severely
injured helicopter patients
required 76 minutes.

* The “10 min prehospital time” is
hard to find documented
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Carr B, etal. PEM 2006
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Shortest time is 30 minutes
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Ann Surg 2013
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FIGURE 1. Mortality analysis of all patients retrieved by AMR
or CMR platform, per ISS bins.
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Alarhayem AQ et al. 2016
2016

NTDB data

2.5 million patients retrospective study (2012-14)
AlS 4 chest and abd, significant TBI excluded
Prehospital time and mortality
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Median
Prehospital
Time = 37 minutes

“We noted a precipitous incremental rise in patient mortality
In patients with high-grade injuries at prehospital times
0-15 and 16-30 min, irrespective of mechanism.”
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NTCA epidemiology

* 33% working age (median age 57)*
* Improving survival over time
* ~1/2 have no or one comorbidities (CCl)**

* Most favorable reversible etiologies: Ml, PE,
hyperkalemia and tox overdose.***

*Wissenberg, B et al. Circulation 2015
** Moriwaki et al. Shock 2013
*** Guru et al. CMAJ 1999
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PEC , 2016

-1206 “ECPR Eligible™

- After 8 min survival drops quickly
- 90% ROSC by 24 min

- Between 8-24 min consider
transition to ECPR
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282,183 OHCA patients

90% of pre-hospital ROSC
did so 24 min

After 16-21 min of
conventional ACLS
without ROSC neurologic
survival drops off
Recommended 40 of
total ACLS from call and
33 of EMS

<1% without PH ROSC
survived with favorable
neurologic outcome.
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Prehospital ... What should we do?

° Stay and Play?
* Or
* Scoop and Run?
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After scoop and run

Minimize time in the ED

Run to the OR /IR / Cath lab

Stop bleeding/open vessels
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* Lets consider some more
observations...
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J Trauma 2017

* DCR significantly improve outcomes in
severely injured bleeding patients.

* After a review of the best available
evidence, we recommend the use of
a MT/DCR protocol in hospitals that
manage such patients and
recommend that the protocol target
a high ratio of PLAS and PLT to RBC.

* This is best achieved by transfusing
equal amounts of RBC, PLAS, and PLT
during the early, empiric phase of
resuscitation.
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J Trauma 2002

* Pennsylvania Trauma Registry, n = 243,
hypotensive trauma lap patients

* Time in the ED ranged from 7 to 915
minutes.

* Logistic regression on the 165 patients
spending 90 minutes or less in the ED
showed that the probability of death
increased with time in the ED.

* Overall, 98 patients died (40%).

* The probability of death increased
approximately 1% for each 3 minutes in the
ED.
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J Trauma 2017

° 74,048 patients admitted over 2 years at 12 centers

- 3,117 (4%) underwent trauma laparotomy during
their hospitalization

- 1,706 (2.3%) underwent emergent trauma
laparotomy

° Age was 31, male (84%), blunt trauma (67%) and ISS of
19.

° Mortality for the entire cohort was 21% with 60% of
deaths due to hemorrhage.

° Mortality in the hypotensive group was 46%, with 65% of
deaths due to hemorrhage.

° The mortality rate for hypotensive patients (46%)
requiring a laparotomy is unchanged over the last two
decades.

- Clarke JR, J Trauma 2002
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Total Time In Hypotensive Laparotomy Patients (n = 394)

Prehospital time was 51 mins 46%
ED time was 22 mins

Time in OR before operation

started was 14 mins 21%

Total time from injury
until laparotomy started
was 87 mins

Doesn’t include actual
operating time to stop bleeding
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Summary of Time

* Prehospital
°* ED
* OR prep

37-76 minutes
24 mins
14 mins
53 mins

Time to OR hem control

- Helicopter to OR still 104
min.

Total of 128 + minutes to stop bleeding after injury
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Memorial Hermann Hospital
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LIFE FLIGHT FOUNDED
August 19, 1976
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Life Flight

* 1st Helicopter EMS program in Texas

* 2nd Helicopter EMS program in the
United States

* Mission: move critically ill/injured
people from scene locations and
rural hospitals to definitive medical
care

* 1979 - Life Flight Long-Distance
Program initiated
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Life Flight

* Only not for profit air transport system
In Southeast Texas

* One of the busiest air medical
providers in the country.

- Dally average: 10-15 Flights/Day

* Industry Standard is 3-4 Flights/
Day

* Transported over 150,000 patients with
68% scene calls and 32% inter-facility
transfers
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Life Flight Operations

* 4 Community Bases

- North at D.W. Hooks Airport
(Tomball)

- South at Pearland Regional Airport

East at Baytown Airport

West 1st-14th at MH-Sugar Land,
15th-31st at MH-Katy

* Central base at MH-TMC

- Dedicated to heart failure
devices, pediatrics and neonates
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Life Flight Bases

+
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* Typical response area is
150 nm from Memorial
Hermann-TMC

* Beyond 150 nm with
refueling
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2016

Prehospital times
37 min average
40 min blunt
30 min penetrating

Longer prehospital times associated higher mortality
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Overview Time-line

2008 - Damage Control Resuscitation in Hospital
2008 - Tourniguets on Helicopters
° 2010 - Thawed Plasma and RBCs in the ED
° 2012 - Liquid Plasma, RBCs and FAST/US on Helicopters
2013 - 3 tourniquets on each of 600 ground ambulances
2014 - 2 Tourniquets and 1 Combat Gauze on all 5000 uniformed
¢ Houston Police Officers (IFAK)
2014 - Junctional Tourniquets on Helicopters
° 2014 - Liquid Plasma, RBCs in the ED in Level lll centers
2015 - Plasma and RBCs on select ground units
2015 - Tactical Combat Casualty Course.

- Additional IFAK distribution
2017- Whole blood on helicopters
° 2018 - Tactical response with Houston Police

- Additional first responder training

* Direct transfers to CT for stroke, cath lab and OR
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Pre-hospital ultrasound

* Improve triage

* Guidance of prehospital
management

* Expediting time to definitive
care

- Discern etiology of
undifferentiated hypotension

- Decision tool to initiate
blood product transfusion
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Training

Training started 2011

Focus on AEMS nurses/paramedics

Combination of didactics, hands-on,
proctored sessions, internet-based
training and review sessions

During training no intervention on findings

- Internally validated and previously
presented curriculum. 1

1. Press G, Miller S, et al. Eval of a Training curriculum for Prehospital
Trauma Ultrasound. J of Em Med. 2013; 45 (6) 856-864
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We

J Em Med 2014

7 mos period - 1963 flights
293 patients received in-flight ultra-sound
All novice sonographers
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>
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Pre-hospital Medication

Mins

post Weight |Shock Dose Systoli |[Map Systolic Map % HR % |Pain value |n
- 1 1 0

dose LF-kg |Index c diff |diff /oChangegqaﬁge\ change |change value

VERSED Zra“m 3.85 81.91 0.94 2.71 -14.43 -10 -12.18%/ -11.91% \-2.29% -0.264 53
'Iv'ed'ca 3.8 82.21 0.749 2.44 -11.48 -8 —10.69%( -10.53%  |-2.34% -0.082 122

FENTANYL ;ra“m 4.78 85.78 0.717 5’9'4 6.21 -6 -6.61% \ |-10.46% / -3.94% -1.05 95
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Traum ’ )

KETAMINE |, 5.08 84.98 (0.854 95.9 15.92 12 10.33% 8.09% 10.11% }2.79 123
Medica 5 93 '80.24 0.875 65.8 10.71 8  4.06%  1.49% '1.72% ~-0.675 42
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PREHOSPITAL ABC SCORE ACCURATELY TRIAGES PATIENTS WHO WILL REQUIRE
IMMEDIATE RESOURCE UTILIZATION

MICHAEL D. GOODMAN, MD, HARVEY HAWES, MD, MATTHEW J. POMMERENING, MD, GREGORY M. PRESS, MD, JEFFREY R.
SKANCHY, BS, ELIZABETH CAMP, MPSH, CHARLES E. WADE, Ph.D.,JOHN B. HOLCOMB, MD, BRYAN A. COTTON, MD, MPH 13

ABC SCORE
Defined as positive if two or more of the following were present in flight:
s Penetrating mechanism (0= No, 1= Yes)
=ED systolic blood pressure of 90 mmHg or less (0= No, 1= Yes)
«ED heart rate of 120 bpm or greater (0= No, 1= Yes)
s Positive FAST (0= No, 1= Yes)

Prehospital - provides an acceptable over-triage rate
Tool for predicting resource utilization upon arrival.

Improve trauma team activation, early mobilization of
resources from the blood bank, operating room, and
Intensive care unit

Implemented its use on all flights and mobilize resources
based on a positive prehospital ABC score
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PreHosp Em Care 2014

* Prehospital plasma and RBC
transfusion was associated with
improved early outcomes,
negligible blood products wastage.

° Similar to the data published from
the ongoing war, improved early
outcomes are associated with
placing blood products prehospital.

* Thousands of units flown, > 300
patients transfused

1.9% wastage
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* All pediatric trauma transports by Life
Flight 2011-2016 (N=627)
* 216 (34%) received blood
- Need for transfusion
* Blunt injuries
° Intubation

* Positive fast

* Survival associated with
* MAP 76-97
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* Logistical, economic and
clinical benefits of cold
stored low titer type O whole
blood

* Cold stored for up to 21 days
- Platelets OK

* Improved function
compared to 1:1:1
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* The resuscitation fluids of choice for
casualties in hemorrhagic shock are (in
priority order):

whole blood

plasma, RBCs and platelets in 1:1:1 ratio
plasma and RBCs in 1:1 ratio

plasma alone

RBCs alone

Hextend

crystalloid (lactated Ringer’s or Plasma-
Lyte)

University of Houston Medical School
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Whole blood on helicopter

- Following the
evidence

- Where it leads...

- Added to aircraft
- November, 2017
- 100+ patients

- (Including peds)
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So what are we going to do?

* Prevention is best
* Drive / Fly faster to the hospital?

- Plenty to suggest not helpful
Create more Level 1/ 2 trauma centers?
* Increase access to angiography suites?
* Run faster to the OR / IR suite?
* Change human physiology?

- How about earlier abdominal hemorrhage
control in the ED and Prehospital?

- Improve perfusion pre-hospital ACLS?
Bridge to ECMO?
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* Scoop and Run, Minimize
ED time,

* Run faster to the OR,
Operate quickly.......

°* No change in
Laparotomy mortality in
20 years

“Insanity Is Doing the Same Thing Over and
Over Again and Expecting Different
Results”
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Heresy alert

* Don Quixote tilting at windmills

- Prehospital ultra-sound, pre-
hospital transfusion triggers,
Whole blood

- and now

- Truncal hemorrhage control
and WB transfusion at
scene or en route

* But it just might work
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J Trauma 2017

To describe the anatomic location of truncal bleeding in patients
presenting with NCTH and compare ENDO versus OPEN
Houston and San Antonio Level 1 trauma centers
(x4, n =543, 2008-2012)

Endo Open RT

* Chest (137) 30% 21% 31%
°* Abdomen (225) 22% 50% 50%
* Pelvis (167) 46% 26%  15%

Anatomic bleeding locations were 25% chest
/2% abdomen / pelvis.
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- 32 year old male in hemorrhagic shock
after fall
REBOA placed on scene with ongoing
resuscitation
Vertical shear pelvic fracture
Internal iliac injuries
Aortic dissection



USAF - 3 patients with penetrating injuries, class IV shock
ER-REBOA placed in austere environment

Normalization of BP with whole blood transfusion allowing
for general anesthesia and laparotomy (inflation time 18-65
minutes).
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Undergoing training
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Undergoing training

* Cadaver lab - putting all crew through
anatomic and procedural access training
(5 attempts each)

* Simulation manikin — (5 successful attempts
each)

* Monitored in IR — agreement with IR faculty
to put each crew member through 5 actual
access cases with supervision.

* Monitored on air craft —- Each member will
have their access attempts monitored and
remediation for unsuccessful access.

°* NEED BUY IN
- Assistance with IR, Vasc, Trauma, ER
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Conclusion

° Time to hemorrhagic death happens at a consistent rate

* Death after trauma laparotomy hasn’t changed in 20 yrs

Earlier Hemorrhage control should improve outcomes
- ED vs PH

* Must consider triage, personnel expertise, risks and benefits of
prehospital deployment

* Aortic occlusion may improve outcomes...
- Potential bridge to ECMO?
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Additional Projects:

°* Collaboration with IT for linear
database

* Personalized training program for
airway management

* "Opiate-lite” transport
* Pre-hospital surviving sepsis

* Advanced responder course with
TEEX

* Joint Services training platform with
local first responders and trauma
centers
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