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You might be able to hold your breath for one
minute, but then your survival instinct kicks in
and compels you to take a deep breath so that
your body can receive the oxygen it needs to
survive. Our critically ill patients depend on us
to apply this same level of urgency to their care
when minutes can make the difference between
life and death. 

In cardiac arrest, we know every minute is
precious and that any opportunity to restore
perfusion reduces the risk of tissue ischemia and
death. Cardiopulmonary resuscitation and
defibrillation within the first three to five
minutes of collapse increase survival in sudden
cardiac arrest.   The chain of survival starts with
strong advocacy for early activation of 9-1-1,
initiation of bystander CPR, and access to AEDs
in public access areas. EMS professionals then
bring advanced treatment, transport, and triage
protocols to improve processes and outcomes.
These efforts are dedicated to reducing minutes
to lifesaving interventions so that maximal
patient survival can be achieved. In trauma care
we have often thought of the “Golden Hour” as
the critical time window for lifesaving
interventions, but it is becoming increasingly
clear that minutes matter in patients with
hemorrhagic shock just as much as they do in
cardiac arrest. Our approach to trauma
resuscitation should reflect this urgency.

remaining blood volume to the heart, brain, and
kidneys. This vasoconstriction results in
hypoperfusion and ischemia in the liver,
intestines, and skeletal muscle. This complex
multisystem has been described as an assault as
the pathobiology of hemorrhagic shock.   In
severe hemorrhagic shock, the brain and heart
are also deprived of oxygen resulting in cerebral
anoxia and hemodynamic collapse within
minutes of the initial injury. Patients with
traumatic brain injury (TBI) are particularly
susceptible to the effects of hemorrhagic shock
since hypotension is associated with a dramatic
increase in mortality among trauma patients
with associated TBI.

Review of Hemorrhagic
Shock

Hypovolemic shock results from loss of
circulating blood volume leading to reduced end-
organ perfusion, inadequate oxygen delivery,
and ultimately, tissue death. Hemorrhage is the
most common cause of hypovolemic shock and
the leading cause of preventable trauma death.
The body’s primary compensatory mechanisms
in the face of blood loss are increased heart rate
and intense vasoconstriction, which directs the
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Chain of Survival for
Hemorrhagic Shock

Quickly Identifying
Hemorrhagic Shock

Most deaths from hemorrhagic shock occur in
the field or within 2 hours after hospital arrival
and since up to 65% of patients presenting with
severe hemorrhagic shock will die, early
recognition and immediate intervention are the
keys to reducing mortality with and improving
patient outcomes.    Early priorities include
identifying visible sources of bleeding and
evaluating for signs of shock such as pallor,
clammy skin, decreased mental status, increased
heart rate, and decreased blood pressure. Shock
index (SI) and end-tidal carbon dioxide (ETCO2)
setting can also quickly and accurately identify a
patient experiencing hemorrhagic shock.      
 Shock index, which is heart rate divided by
systolic blood pressure, provides an early
indicator of the severity of shock even before
blood pressure falls. In fact, a shock index   of
>1.0 may be a stronger predictor than
hypotension (systolic blood pressure <90 mmHg)
for identifying significant injury in trauma
patients. Patients with a SI >1.0 as a first vital 

measurement were more likely to require a
massive transfusion protocol (MTP) activation.
Similarly, patients with ETCO2 levels of less than
25mmHg are three times more likely to be in
hemorrhagic shock than patients with an ETCO2
>25 mm Hg and may require MTP.

Once hemorrhagic shock is identified, immediate
efforts at hemorrhage control and resuscitation
efforts are critical. Damage Control Resuscitation
(DCR) is a strategy for addressing life-
threatening injuries to improve clinical stability
before definitive surgical care. The principles of
DCR include restoring homeostasis and
preventing or mitigating the development of
tissue hypoxia, oxygen debt, and coagulopathy.  
 Remote Damage Control Resuscitation (RDCR) is
the prehospital application of DCR strategies,
pushing critical interventions closer to the point
of injury and reducing the consequences of
traumatic hemorrhagic shock before hospital
arrival. These strategies can improve survival
from hemorrhagic shock by 1) management of
compressible hemorrhage control (tourniquets,
direct pressure, wound packing, or resuscitative
endovascular balloon occlusion of the aorta), 2)
hypotensive resuscitation, 3) limiting overuse of
crystalloids and colloids, 4) prevention of or
correction of acidosis, 5) prevention or
correction of hypothermia, 6) and hemostatic
resuscitation using low titer O positive whole
blood or blood products.       The tenants of RDCR
and DCR provide a framework for establishing a
chain of survival for patients experiencing
hemorrhagic shock. 

Heart rate 







Systolic blood pressure

Shock Index:
Reducing Time to Treatment 

Reducing the time between injury and lifesaving
interventions is critical for optimizing injury
survival.      Analogous to community-wide
efforts to improve bystander cardiac arrest
response, initiatives such as Stop the Bleed
training and early activation of 9-1-1 can can
decrease the time to intervention to improve
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outcomes for patients with traumatic
hemorrhage.

After hemorrhagic shock is identified and basic
efforts at hemorrhage control have begun,
patients should receive blood products as the
first-line intervention. Resuscitation should
ideally occur as close to the point of injury as
possible, and in fact a growing number of EMS
agencies now carry blood to reduce the time
between injury and treatment.              One
hospital system has even incorporated the
practice of activating MTP and operating room
resources based on the assessment of air medical
providers the field. 

Reducing the time
between injury and
lifesaving
interventions is
critical for optimizing
injury survival.

When the patient arrives to the hospital, rapid
infusion of blood products is often necessary to
correct severe hemorrhagic shock. Though
studies have clearly shown that every minute of
delay delivering blood transfusion increases
mortality, many barriers limit early effective
resuscitation.           To reduce time to
transfusion, larger trauma centers keep
Emergency Release Blood in a refrigerator in the
emergency department (ED).  Hospitals with
lower blood utilization rates may have to obtain
blood from the blood bank after notification by
the trauma team. The American College of
Surgeons Trauma Quality Improvement Program
(ACS TQIP) 2014 guidelines recommend that
blood products should be immediately available
in the ED and transfused through a rapid infuser
and warmer, with care taken not to over-

resuscitate in cases of non-compressible torso
hemorrhage until definitive hemorrhage control
can be achieved.    Additionally, the operating
room, intensive care unit, and interfacility
critical care transport teams should anticipate
an ongoing resuscitation and have the necessary
equipment on-hand to continue warmed blood
product administration.

While the ACS recommends that an MTP cooler
arrive at the bedside within 15 minutes, the
average time to infusion of the first blood
product is often well over 15 minutes, and even
this time window may be too long for many
critically injured patients.    Meyer et al. (2022)
studied the time for blood cooler delivery from
the blood bank to the trauma room and found
that every minute of delay in the arrival of blood
products to the trauma bay resulted in a 5%
increase in the odds of mortality.     Decreasing
the time to resuscitation by prepositioning blood
products in the ED is a modifiable risk factor that
can reduce mortality in trauma patients.

The battle against time does not stop once the
blood arrives since it then needs to be rapidly
transfused to restore the patient’s circulating
volume. This process can be delayed by difficulty
in obtaining vascular access and the complexity
or inefficiency of infusion techniques. Sullivan,
et al. (2023) identified three drivers that
decreased the time to blood transfusion: blood
product transport from blood bank to the ED,
establishment of IV access, and use of the rapid 
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infuser.    After accounting for blood delivery
delays to the ER, the subsequent most prolonged
delay in the process was the staff setting up and
managing the rapid infuser. This task added a
7.1-minute delay to transfusion once the blood
had arrived. Despite a robust education
intervention, no statistically significant changes
were found in improving the time to set up and
manage the rapid infuser.

Common rapid transfusion techniques include
gravity, hand-squeezing, pressure bags,
traditional IV pumps, and rapid infusers such as
the Belmont® or Level 1®. For severe
hemorrhagic shock, neither gravity, hand
squeezing, nor pressure bags provide sufficient
flow rate.    Pressure bags may provide an
adequate initial flow rate through larger-gauge
IVs, but as the blood bag empties, users must
stop to re-inflate it multiple times to ensure a
continuous flow rate. Challenges also arise when
infusing through a small gauge peripheral IV
catheter or a higher resistance vascular access
device such as intraosseous access. 
Hospital rapid infusers are often challenging to
operate, especially at low utilization sites, are
large and difficult to transport, have expensive
consumables, and require regular training and
maintenance. Often one team member is
identified to manage and troubleshoot the device
during resuscitation. In the prehospital setting,
rapid infusers and warmers are often
incompatible. This forces a clinical decision to
either warm or rapidly infuse the product. Rapid
infusion solutions need to be compatible with
blood and fluid warmers.

Novel devices designed for prehospital and
hospital use can help decrease the interval
between blood arrival and effective infusion.
The LifeFlow PLUS is a lightweight, single-use,
hand-operated rapid infuser that can improve
the speed and efficiency of resuscitation. This
device is operated by manual compression of a
handle that actuates a syringe to deliver fluid or
blood to the patient, then automatically refills
through an automatic check valve when the
trigger is released. Since it is disposable no
biomedical maintenance is needed. The LifeFlow
includes a mechanism to prevent inadvertent
entrainment of air, as well as flexible infusion
tubing to smooth flow and limit infusion
pressure transmitted to the vascular catheter.
This allows more rapid infusion through smaller
gauge peripheral IVs. The hand operation
provides tactile feedback so clinicians can
control and monitor the flow rate while directly
observing patient response and performing
other tasks, facilitating rapid response to shock
while limiting the risks of over- and under-
resuscitation. With LifeFlow, one unit of blood
can be delivered in approximately 2 minutes.
See figure 2 for comparisons with a pressure bag
and gravity.
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Early recognition of hemorrhagic shock and immediate provision of lifesaving interventions
can improve patient outcomes and reduce the mortality associated with traumatic injury. As
EMS agencies and hospitals develop a more thorough understanding of their emergency
blood transfusion processes, patients will benefit from interventions that decrease the time
to recognition of hemorrhagic shock and timely resuscitation with blood products. Just like
with cardiac arrest, in hemorrhagic shock every minute counts from the moment of injury
until all lifesaving interventions are completed.

Conclusion
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