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ABSTRACT

Emergency Medical Services benefit from an increased number of higher-level
personnel (Advanced Emergency Medical Technicians and Paramedics) responding
to all calls that are trained to obtain intravenous access. Current Prehospital Trauma
Life Support guidelines recommend all trauma patients receive intravenous access,
as long as it does not delay transport to definitive care and as such it is essential for
EMS clinicians to be conversant with situations which may require fluid resuscita-
tion. These situations are especially common in rural or austere environments as
long transport times require EMS clinicians to maintain adequate hemodynamics
until arrival at a trauma center for definitive care. Historically, crystalloid solutions
have been the mainstay of fluid resuscitation with Normal Saline or Lactated Ring-
er’s solution being preferred. Despite the recent shift in best practices from aggres-
sive fluid resuscitation to delayed, or significantly scaled back, fluid resuscitation

in most trauma settings, it is essential for EMS clinicians to understand when fluid
resuscitation is indicated, or, more importantly, contraindicated. EMS clinicians must
be comfortable with the various fluids available to them in the field. This review
provides an overview of the most common crystalloid fluids and blood component
therapies which may be used for resuscitation in the prehospital setting.

INTRODUCTION

Unintentional injury is the leading cause of death in Ameri-
cans aged 1-44 years (CDC, 2023). Hemorrhage is the leading
cause of preventable death, accounting for 35% of all prehospital
deaths resulting from trauma and 1.5 million fatalities each year
(Chambers et al., 2019; Knight et al., 2023). In these patients, fluid
or blood administration allows restoration of lost intravascular
volume, maintenance of organ perfusion and reduction in mor-
tality (Ramesh et al., 2019). At the most basic level, Emergency
Medical Technicians (EMTs) are trained to treat life threatening
hemorrhage and provide prompt transport to a trauma center
for definitive care. However, Emergency Medical Services (EMS),
particularly in urban settings, benefit from personnel with ad-
vanced training to initiate intravenous (IV) fluids, thus allowing
for fluid resuscitation, when appropriate, prior to arrival at a
trauma center (Patterson et al., 2022).
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Prehospital fluid resuscitation has taken root in the absence of strong clinical evidence.
Hébert et al., (2023) conducted a meta-analysis and found weak evidence suggesting
there is no mortality difference when comparing delayed versus immediate fluid resus-
citation. As more randomized controlled trials are published, we expect to see a shift in
standard EMS care from aggressive prehospital fluid resuscitation to delayed or signifi-
cantly scaled back fluid resuscitation in most settings of trauma. Nevertheless, there are
situations where prehospital fluid resuscitation is not only appropriate but necessary to
provide optimal care to the injured patient. Current Prehospital Trauma Life Support
(PHTLS) guidelines suggest traumatically injured patients to receive vascular access as
long as it does not delay transfer to definitive care, emphasizing that transport is more
important than immediate fluid administration in most cases (NAEMT, 2023). In low
resource settings where transport time from injury to definitive care is greater than one
hour, obtaining vascular access is essential and should be initiated concurrently with
transport as resources allow. In situations with extended transport times, the benefits of
having vascular access to initiate fluids or blood likely outweigh the risk associated with
the few minute delay that may be required to obtain access (Ramesh et al., 2019). This
paper is an introduction to the most common crystalloid fluids and blood components
which may be used for resuscitation in the prehospital setting. In it, we provide an easy-
to-follow table to determine the appropriate fluid to administer in each situation. A list
of important terms relating to fluid resuscitation and their definitions can be found in
Table 1.

PHYSIOLOGY

Total body water or the portion of body composition made up by water is responsible for
50% to 60% of total body weight in humans. Extracellular Fluids account for one third of
total body water, and 20% of total body weight. Intracellular fluids account for two thirds

Term Definition
Anion Negatively charged ion
Balanced Crys- Crystalloid solution such as Lactated Ringer’s with sodium, potassium, and chloride concentration similar
talloid to the extracellular fluid
Etiléfered Crystal- Crystalloid solution that will have minimal impact on the acid/base balance
Cation Positively charged ion

. Aqueous solution that consists of water and other solutes that can dissolve through a semipermeable

Crystalloid

membrane

Extracellular Fluid | Fluid that exists outside the cells

Hypertonic Solution has more solute than the cell- causes water movement from the cell and cell shrinkage

Hypotonic Solution has less solute concentration than the cell- water movement into the cell causing swelling

Intracellular Fluid | Fluid that exists within the cell

Interstitial Fluid Fluid in the space adjacent to the cells

Isotonic Solution and cell have same solute concentration- no net water movement

Osmolality Concentration of dissolved particles in one kilogram (mass based)

Osmolarity Concentration of dissolved particles in one liter (volume based)

Osmosis Movement of fluid through a semipermeable membrane from a high to low solute concentration

Minimum pressure that must be applied to a solution to halt the flow of solvent particles through a semi-

Osmotic Pressure
permeable cellular membrane

Tonicity The ability of a solution to make water move into or out of a cell

Table 1. Important terms.
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of total body water and approximately 40% of total body weight. The distribution of
fluids within the body is not uniform between the sexes. In the average lean female, 45%
of body weight is due to solids and 55% is due to fluids. In the average lean male, 40% of
body weight is due to solids and 60% is due to fluids. This difference is important clini-
cally as fluid resuscitation requirements differ between the sexes (Larson et al., 2024).

Total body water is shared between two fluid compartments: intracellular fluid and
extracellular fluid. Intracellular fluid (ICF) is defined as the fluid that exists within the
cells, while the extracellular fluid (ECF) is defined as all fluid that exists outside the cells.
The ECF is further subcategorized into plasma and interstitial fluid, or the fluid that
exists in the space adjacent to cells. The main electrolytes found in the ICF are potassi-
um, the primary cation, and phosphate, the primary anion. Within the ECF, the primary
cation is sodium, and the primary anion is chloride. The regulation of these ion concen-
trations and gradients allows for many physiologic events to occur, and inappropriate
composition within fluid compartments may cause a variety of problems (Larson et al.,
2024).

Both intracellular and extracellular osmotic pressure result from composition of ions in
each fluid space. Osmotic pressure is defined as the minimum pressure that must be
applied to a solution to halt the flow of solvent particles through a semipermeable cellu-
lar membrane (osmosis). Osmosis is dependent on the concentration of solute particles in
a solution. The concentration of solute particles shifts as water flows from areas of low
solute concentration, typically sodium (low osmolality), to areas of high solute concen-
tration (high osmolality) to achieve osmotic equilibrium (Larson et al., 2024). Osmotic
equilibrium is measured by osmolarity which is the concentration of dissolved particles
within the plasma. This is not to be confused with tonicity, or the ability of a solution to
make water move into or out of a cell. The various fluids used for resuscitation are classi-
tied by their tonicity. Solutions that are hypotonic favor the movement of water out of the
vasculature into the intracellular space while those that are hypertonic favor movement
of water into the intravascular space. Isotonic solutions mimic the concentration of sol-
ute within the body resulting in a third of the fluid administered contributing to intra-
vascular volume expansion. Given that the purpose of fluid resuscitation is to increase
intravascular volume, only the latter two solutions are appropriate for fluid resuscitation
(Barlow et al., 2020).

Cardiac output is highly sensitive to changes in fluid volume and is defined as the
amount of blood pumped by the heart in a given time, usually measured in liters/min-
ute. It is calculated by multiplying the heart rate and the stroke volume (amount of blood
ejected with each heartbeat). A primary goal of fluid resuscitation is to increase the
rapidly declining cardiac output of the hypovolemic injured patient to maintain organ
perfusion (Casey et al., 2018).

A variety of fluids are used to support resuscitation physiology in the prehospital set-
ting. The majority of these fluids are crystalloid solutions, which are defined as an
aqueous solution that consists of water and other solutes, such as sodium, chloride,
potassium, and glucose (Rudloff & Hopper, 2021). In the context of prehospital fluid re-
suscitation, the most common crystalloid solutions are Lactated Ringer’s, Normal Saline,
Hypotonic Saline, Hypertonic Saline, and intravenous dextrose.
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BALANCED CRYSTALLOIDS: LACTATED RINGER’S

Lactated Ringer’s (LR) is one of the most commonly utilized crystalloid solutions for
fluid resuscitation. LR is considered a balanced crystalloid solution due to its relatively
isotonic levels of sodium and chloride, as well as small amounts of potassium, calcium,
and lactate that closely resemble the extracellular fluid in humans. Due to its sodium lac-
tate content, LR is the most physiologically adaptive of the fluids offered to patients and
has fewer adverse effects on the acid-base balance compared to other crystalloid resusci-
tation fluids in use (Semler & Kellum, 2019). As a result, LR serves as an effective solu-
tion for increasing overall perfusion in patients by quickly filling the vasculature, while
protecting the acid/base balance through the conversion of lactate to bicarbonate by the
liver. It should be noted that many of the following studies do not exclusively look at LR,
instead they broadly study the effects of balanced crystalloids which include LR, isolyte,
plasmalyte, etc. However, given that LR is the primary balanced crystalloid mentioned in
PHTLS, it will be the focus of this section, although further randomized trials are need-
ed to definitely compare if outcomes differ between the balanced crystalloid solutions.
(Curran et al., 2021; NAEMT, 2023)

LR is commonly utilized in the treatment of sepsis. When a pathogen infects an indi-
vidual, it has the potential to substantially decrease blood pressure secondary to septic
shock. This is a result of an upregulation in both the pro and anti-inflammatory path-
ways leading to an unregulated release of cytokines, mediators, and other pathogen-re-
lated molecules thereby inducing vasodilation, vascular leakage, clot formation, and
other effects cumulatively resulting in reduced organ perfusion and death (Jarczak et al.,
2021). EMS clinicians can recognize septic patients by observation of relevant signs and
symptoms, such as dyspnea, altered mental status (hypoperfusion of the brain), fever,
weakness, pallor, and hypotension which is indicative of the inflammatory response in
sepsis or hypoperfusion brought on by septic shock (Olander et al., 2019). These symp-
toms, coupled with a presumed or confirmed infection, should create a high level of sus-
picion for sepsis. Current guidelines from the Surviving Sepsis Campaign recommend
that patients experiencing septic shock be infused with at least 30 mL/kg of a balanced
crystalloid within the first three hours of resuscitation (Evans et al., 2021). In the prehos-
pital setting, any hypotensive patient with a suspicion of sepsis should be treated as if in
septic shock to capitalize on the resuscitative benefit of early fluid administration. Cur-
rently, LR is preferred over normal saline in these scenarios as lactate serves as a buffer
to limit progression of metabolic acidosis commonly seen in sepsis, however the quality
of evidence behind this recommendation is very low and subsequent studies have em-
phasized a need for further large randomized controlled trials to validate these claims.
(Beran et al., 2022; Evans et al., 2021)

Another common use of LR is to treat patients diagnosed with acute pancreatitis (AP).
AP is a condition where the pancreas rapidly becomes inflamed due to pancreatic en-
zymes normally released into the digestive tract causing injury to the pancreas. AP
exacerbates metabolic acidosis which may produce further inflammation (Rumbus et al.,
2018). Patients presenting with severe left upper quadrant abdominal pain, fever, nausea,
vomiting, abdominal distension, or tachycardia and common risk factors such as heavy
alcohol or drug use, gallstones, smoking, hypercalcemia, or renal disease should be treat-
ed with a high suspicion of AP (Sun et al,, 2022). LR should be utilized to mitigate aci-
dosis and inflammation. A systematic review and meta-analysis concluded that patients
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who received LR to manage AP demonstrated significantly decreased odds of develop-
ing SIRS at 24-hours (pooled OR 0.38, 95% CI 0.15-0.98, P = 0.05) compared to patients
who received normal saline. Patients in the LR group also demonstrated a trend of lower
mortality although this did not reach statistical significance, prompting the authors to
call for further randomized controlled trials to explore this potential association (Igbal et
al., 2018). It is important to understand the presentation and treatment of this disease as
10-30% of patients will develop recurrent AP that may require transport by EMS (Sun et
al., 2022).

LR is also a commonly used fluid to manage hypovolemia secondary to hemorrhage.
Protocols for determining solutions given in the prehospital setting vary regionally.
Guidelines from the Eastern Association for the Surgery of Trauma (EAST), published in
2009, recommend that balanced crystalloid solutions should not be used for patients who
are within 30 minutes of travel to the nearest hospital (Cotton et al., 2009). The more re-
cent Western Trauma Association (WTA) guidelines recommend that crystalloids should
function to manage hypovolemia and maintain a systolic blood pressure of 80 mmHg for
non-Traumatic Brain Injury (TBI) patients with transport times < 20 minutes, or a systolic
blood pressure of > 100 mmHg in cases of suspected TBI or transport times longer than
20 minutes (Sperry et al., 2019). The WTA guidelines promote permissive hypotension in
these non-TBI patients, which is restricting the amount of fluid given to maintain blood
pressure at a level that is lower than is typically found.

Permissive hypotension is designed to achieve a balance between organ perfusion and
the volume requirement of the patient, as well as avoid any adverse effects introduced
by early, high dose, crystalloid resuscitation such as dilutional coagulopathy (Kudo et al,,
2017). The largest downfall of permissive hypotension is the increased risk of hypoper-
fusion to vital organs, and most research on permissive hypotension has been in cases

of penetrating trauma, leaving the question of its generalization to all trauma patients.
The benefit of permissive hypotension in penetrating trauma is likely because increasing
intravascular volume through aggressive fluid resuscitation may worsen hemorrhage in
these patients by increasing intravascular pressure which is associated with a dilution of
coagulation factors and an exacerbation of hemorrhage by disrupting clots. In a prospec-
tive study of 598 adults with penetrating torso trauma, patients treated with permissive
hypotension had a survival rate of 70% compared to a 62% survival rate in patients who
received immediate fluid resuscitation (Bickell et al., 1994). It should be noted that per-
missive hypotension is contraindicated in patients with TBI as it may increase mortality
by more than two-fold (Spaite et al., 2017) due to inadequate cerebral perfusion leading
to secondary brain injury. The 10th edition of PHTLS recommends fluid/blood adminis-
tration to maintain a systolic blood pressure of at least 110 mmHg in patients with CNS
injury to prevent secondary brain injury. In patients with class III/IV hemorrhagic shock,
blood/fluids should be titrated to maintain a systolic blood pressure of 80 to 90 mmHg,
and it should be understood that large volume fluid resuscitation is not a substitute for
adequate control of the source of hemorrhage (Henry, 2018; NAEMT, 2023).

The use of LR is also indicated for patients with severe burns. Following thermal injury,
vascular permeability will increase resulting in edema at the site of injury due to a fluid
shift from the vasculature into the interstitial and intracellular compartments. In severe
cases of shock with increased vascular permeability, this fluid shift may result in deteri-
oration of cardiac output secondary to reduced intravascular volume. In these instances,
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fluid resuscitation should be initiated as soon as possible to prevent the patient from pro-
gressing into hypovolemic shock (Rogenes & Moylan, 1976). The benefit of LR for these
patients is twofold. First, it will treat hypovolemia due to the leakage of fluid from the
vasculature, and second, it will replenish the serum sodium levels which decrease from
the fluid shift to the extravascular space. Advanced Burn Life Support (ABLS) guidelines
(ABA, 2023) recommend that EMS clinicians infuse the patient with burns clearly cover-
ing >20% of the Total Body Surface Area (TBSA). LR is given at a rate of 125 mL per hour
in patients 5 years or younger, 250 mL per hour for patients between the ages of 6 and 12,
and 500 mL per hour for those 13 years of age and older.

There are, however, cases where LR is not recommended in the prehospital setting. LR
should be avoided in patients receiving blood products due to the possibility of clot for-
mation through reversible binding to the citrate anticoagulant found in blood products
(Cull et al., 1991). Normal saline should be preferred to LR in TBI patients due to high-
er relative osmolarity (Table 2). A meta-analysis of eight randomized controlled trials
showed that TBI patients given normal saline had significantly lower mortality rates
compared to those who received a balanced crystalloid solution (either Plasma-Lyte or
LR) (Dong et al., 2022).

0.9% NORMAL SALINE

Normal saline (NS) is one of the primary fluids used in the prehospital setting alongside
LR. NS is an isotonic solution with similar sodium and chloride composition to human
plasma (Table 2). A common use for NS in the prehospital setting is in patients with TBI,
with the severity of TBI categorized based on GCS score. About 10% of TBIs are severe
(GCS scores between 3 and 8), another 10% moderate (GCS scores between 9 and 12),
and the remaining 80% of TBIs are mild (GCS scores between 13 to 15) (Stiver & Manley,
2008). In the prehospital setting, the AVPU criteria (alert, verbal, pain [response], and un-
responsive) is an attractive alternative to GCS that can be quickly done by even the most
inexperienced EMS clinicians. While not as specific as GCS, AVPU does not specify eye,
motor, and verbal scores, the AVPU criteria presents a similar ability to discriminate 48-

Na+ Cl- K+ Ca’+ | Lactate | Glucose Osmolarit P
(mmol/L) (mmol/L) (mmol/L) (mmol/L) (mmol/L) (mmol/L) PH (calc, mOsm/L)y T0n1c1ty
Plasma 140 100 4 5 1-2 0 7.35-745 | 275-290 N/A
0.45% NaCl 77 77 0 0 0 0 5.6 154 Hypotonic
0.9% NaCl 154 154 0 0 0 0 5.6 308 Isotonic
3% NaCl 513 513 0 0 0 0 5.8 1030 Hypertonic
Lactated 130 109 4 3 28 0 6.5 273 Isotonic
Ringers
Clinically Hypo-
D5W 0 0 0 0 0 278 43 252 tonic (due to rapid
metabolism of
dextrose)
Clinically Hypo-
DI10W 0 0 0 0 0 556 43 505 tonic (due to rapid
metabolism of
dextrose)
Plasma-Lyte A | 140 98 5 0 0 0 74 294 Isotonic

Table 2. Characteristics of common fluids in the prehospital setting (Braun Medical, 2024.; Hospira, 2016;
Singh et al., 2024; Pliakas, 2017; Hospira, 2009; Self et al., 2017; Baxter, n.d.).
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hour mortality (AVPU AUC 79.7% (950/0 CI 734—861), TBI Se- AVPU Estimated
GCS: AUC 81.5% (950/0 CI 74.8—88.2)) while being Sig— verity Score GCS Score
nificantly easier to use (Janagama et al., 2022). Table 3 Mild Alert 15

shows an estimation of the GCS score associated with Moderate | Verbal 12

each AVPU criteria. In cases of TBI, NS is preferred Moderate | Pain 10

over LR because of relatively higher osmolarity (Table Severe [ Unresponsive | 5

2). Administration of LR decreases plasma osmolari- Table 3. AVPU Scoring and its GCS

ty resulting in cerebral edema and an increased ICP Equivalent(Janagama et al., 2022).

(Alvis-Miranda, Rubiano, et al., 2014). In TBI patients

administered either NS or LR in the prehospital set-

ting, LR was associated with increased mortality compared to NS (Alvis-Miranda, Cas-
tellar-Leones, et al.,, 2014; Zornow & Prough, 1995). Further, the addition of 5% dextrose
(D5W) should be avoided due to the rapid metabolism of the dextrose resulting in what
is essentially an accumulation of free water in the vasculature, increasing the ICP sec-
ondary to cerebral edema (Stiver & Manley, 2008).

Another use of NS in the prehospital setting is for crush injuries. A primary crush injury
is a compression injury that causes reactive muscle or soft tissue swelling in the affected
site. The cellular damage from mechanical compression causes release of intracellular
contents resulting in an influx of fluid with associated swelling in the affected area.
Crush injuries to the extremities may result in the development of compartment syn-
drome, where pressure builds in affected tissue, restricting blood flow, leading to isch-
emic tissue death. If crush injury affects the head, a neurological disturbance may occur
due to the influx of fluid resulting in cerebral edema. Compartment injuries are most
commonly encountered after natural disasters, such as earthquakes, or man-made disas-
ters such as industrial accidents, or military conflicts where the patient may be pinned
under a large volume of debris (Dimitriou, 2021). If left untreated without adequate fluid
resuscitation, patients may develop a secondary injury, crush syndrome with muscle
breakdown, also termed rhabdomyolysis, which is a series of metabolic changes associ-
ated with crush injury to affected skeletal muscle. This condition may cause renal failure
from filtration of the released myoglobin (a protein found in muscle) by the kidneys.
Clinical features of crush injuries may include traumatic asphyxia from the substan-

tial increase in pressure within the chest and superior vena cava, hypovolemia, muscle
paralysis, severe orthopedic injuries, tea colored urine due to myoglobin accumulation,
sensory deficits, and myalgias (Long et al., 2023).

Initially, the patient with a crush injury may present with minimal symptoms, but it is
important to be suspicious of evolving crush injuries. According to the National EMS
Clinical Guidelines, a bolus of one liter of NS should be administered intravenously be-
fore the crushed body part is decompressed by first responders. After extrication of the
affected patient, in adults 500 to 1000 mL/hr of NS should be administered during trans-
fer to the nearest trauma center (NASEMSO, 2022). It is important to never give these
patients LR as they often have high serum potassium levels due to the cellular damage
in crushed tissues releasing potassium. Additional potassium contained in LR (Table 2)
may result in new onset or worsening of hyperkalemia with cardiac rhythm changes
(Rajasekaran et al., 2022).

The Association for the Advancement of Blood and Biotherapies (A ABB) recommends
that NS be the only solution used with blood components (Jorgenson, 2017). NS is also
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the only fluid that should be administered for intravenous infusions and washing of red
blood cells and platelets. The US Food and Drug Administration (FDA) has also certified
a buffered crystalloid, Plasma-Lyte A, for usage with blood components (Table 2). How-
ever, Plasma-Lyte A is rarely utilized for this purpose due to cost and limited availability
among EMS services compared to NS (Blumberg et al., 2018).

There are no absolute contraindications to the administration of NS in the prehospital
setting and in most clinical situations administration of up to 1L of NS is unlikely to
have adverse effects on patient hemodynamics but may help restore intravascular vol-
ume, increase end organ perfusion, and positively affect patient clinical status (Ley et al.,
2011). Administration of >1L may negatively impact the acid/base balance by inducing
hyperchloremic acidosis or contribute to dilutional coagulopathy (Cherkas, 2011), espe-
cially in those patients with reduced intravascular volume. When administering > 1L of
NS, the benefits of restoring lost intravascular volume must be weighed against the risks
described above, with consideration of a variety of factors such as time to definitive care,
patient clinical status, patient ability to tolerate large volume fluid infusions, and so on.

HYPOTONIC SALINE

Hypotonic saline, most commonly 0.45% NaCl, contains half or less of the amount of
sodium and chloride contained in NS (Table 2). As a result, infusion of Hypotonic Saline
dilutes solute concentrations within circulating fluid, producing a net flow of fluid from
the vasculature into the intracellular space. Therefore, this solution is most useful as a
mechanism to replace fluids lost during states of cellular dehydration (Ernstmeyer &
Christman, 2021).

Dehydration may occur in patients via two mechanisms. The first mechanism is de-
creased fluid intake; the second mechanism is an increase in fluid loss. The most com-
mon signs and symptoms of dehydration seen by EMS are intense thirst, fatigue, dry
mouth, lethargy, and headache (Shaheen et al., 2018). In these situations, obtaining an
accurate history is most useful to determine if there is a high suspicion of dehydration.
Hypotonic saline is an appropriate treatment for cellular dehydration due to stimulation
of water movement to the intracellular space. EMS clinicians must be cautious of the
amount of hypotonic saline administered as cerebral edema may arise from excess fluid
transfer from the vascular compartment into the brain producing an elevated ICP sec-
ondary to cerebral edema (Tommasino, 2002).

Hypotonic fluids are contraindicated in patients who have experienced burns, hemor-
rhage, TBI, or have a history of heart failure, liver disease, or renal failure as hypotonic
fluids may exacerbate hypovolemia in the vascular space by producing a net water flow
from the vasculature into the intracellular space (Ernstmeyer & Christman, 2021) which
will elevate ICP due to cerebral edema.

HYPERTONIC SALINE

Another fluid used in the prehospital setting is hypertonic saline. This solution comes in
many different sodium chloride concentrations, primarily 3%, 7.5%, and 23.4%. Hyper-
tonic saline is a crystalloid solution composed of sodium and chloride at a higher con-
centration than plasma (Table 2). Its main function in the prehospital setting is to reduce
elevated ICP (Fink, 2012).
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Increased ICP is a potential consequence of TBL. Normal ICP is between 7 and 15 mmHg
for adults, and increased ICP is associated with high mortality and poor neurological
outcomes for affected patients (Canac et al., 2020; Smith, 2008). In the inpatient setting,
when ICP rises in excess of 20 mmHg for longer than 5 minutes, hypertonic fluids
should be started (Susanto & Riantri, 2022). In the prehospital setting, there is no way
to definitively measure ICP without an intracranial monitor. However, there are clinical
indicators that may raise suspicion of elevated ICP. These indicators include a GCS of 8
or less (unresponsive on AVPU criteria), absent pupillary response (unilateral or bilater-
al), hypertension (SBP > 160 mmHg), bradycardia (< 60 bpm), decorticate or decerebrate
posturing, and irregular respiration (NAEMT, 2023; Ter Avest et al., 2021) in conjunction
with a suspected or confirmed TBL

Hypertonic saline decreases ICP through two mechanisms. The first mechanism is
through shrinking RBCs by producing a net flow of fluid to the extracellular space, al-
lowing for greater venous drainage from the cranium, reducing cranial volume and ICP.
The second mechanism is essential to ICP control in these patients. An increase of serum
sodium concentration from administration of hypertonic saline results in an outflow of
fluid from the brain to maintain osmotic equilibrium, subsequently reducing cerebral
edema (Fink, 2012). Currently, there are no specific dose and concentration recommen-
dations of hypertonic saline to reduce ICP in adults. Concentrations of hypertonic saline
used for this purpose range from 3.0% to 23.4% at doses from 1.0 to 4.0 mL/kg (Shi et
al., 2020). Rapid intermittent boluses of hypertonic saline present an alternative to the
continuous infusions that have been traditionally used, while reducing the total amount
of fluid administered and risk of electrolyte disturbances (Shi et al., 2020). There are no
absolute contraindications for administration of hypertonic saline; however, care should
be taken to avoid overshoot hypernatremia (serum sodium levels >145 mmol/L) (Qian,
2019).

INTRAVENOUS DEXTROSE

While not used for fluid resuscitation, intravenous dextrose in water is a common flu-
id used by EMS services to treat hypoglycemia, to dissolve IV medications, or to keep
veins open (TKO/KVO) for future fluid administration. Intravenous dextrose in water is
available in a variety of concentrations, most commonly 5%, 10%, 25%, and 50% (Pliakas,
2017). While it is an isotonic or hypertonic solution (depending on the concentration) in
isolation, rapid metabolism of dextrose by the body increases free water in the vascula-
ture making it a hypotonic solution not effective for fluid resuscitation (Saraghi, 2015).
Further, the lack of electrolytes in IV dextrose (Table 2) makes large volume infusions
impractical as any benefit provided would be offset by the resultant electrolyte abnor-
malities.

The most common use of IV dextrose by EMS clinicians is treatment of hypoglycemia

in patients where administration of oral glucose is contraindicated. Clinically, a patient
is hypoglycemic or meets reasonable suspicion for hypoglycemia when blood glucose
levels are less than 60 mg/dL or the patient is a known diabetic presenting with altered
mental status. When the patient is unconscious or unable to protect their airway, IV dex-
trose should be administered in stages until mental status improves or a maximal dose
of dextrose is reached (25g in adults) (NASEMSO, 2022). Mental status change is the most
important aspect of reassessment for these patients as the brain is the most sensitive or-
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gan to changes in blood glucose levels. T en j Amount of fluid to
Dextrose 10% in water (D10W) is the dose of dextrose Fluid type be administered (mL)
preferred concentration for administra- | 25g Dextrose 50% | 50mL

tion in urgent conditions. D1I0OW may 25g Dextrose 25% | 100mL

be administered to all patients regard- 25g Dextrose 10% | 250mL

less of age and does not carry the risk Table 4. Maximum adult IV dextrose volumes (National
of local tissue damage from extrav- Model EMS Clinical Guidelines, 2022).

asation with water loss as seen with

use of dextrose 50% in water (D50W).

However, should D10W not be available, the amount of dextrose in each IV concentration
should be known to prevent hyperglycemia secondary to excess dextrose administration
(Table 4). All patients requiring IV dextrose should be transported to the nearest hospital
for evaluation.

Less common uses for IV dextrose in the prehospital setting are as a drug diluent and
mechanism to maintain vein patency. Dextrose 5% in water (D5W) is a common drug di-
luent for the administration of various medications in the prehospital setting. Due to its
lack of electrolytes, DSW can be particularly useful in patients where electrolyte distur-
bances are a concern. DSW may also be used to maintain vein patency at a “TKO” rate of
30mL/hr (NAEMT, 2023) which allows EMS clinicians to have constant venous access to
patients where vein collapse might be a concern, allowing for the prompt administration
of fluids.

Intravenous dextrose is contraindicated if the patient is hyperglycemic, as the addition-
al dextrose given could exacerbate symptoms of hyperglycemia, or if the patient has an
elevated ICP. Intravenous dextrose should be avoided in the setting of elevated ICP as it
is essentially free water (hypotonic) and will produce cerebral edema, further elevating
ICP.

DELETERIOUS EFFECTS OF CRYSTALLOIDS

In recent years there has been a growing understanding that aggressive crystalloid fluid
resuscitation may have a deleterious effect on patients. In a retrospective study of 970
adult trauma patients, those who received five or more liters of crystalloids during resus-
citation within the first 24 hours post-injury were 2.55 times more likely to die compared
to those who received less than five liters of crystalloids (OR 2.55, 95% CI [1.38-4.72],
p=0.0029). Further, five or more liters of crystalloid administered was associated with a
significant increase in days on the ventilator (RR 2.31, 95% CI [1.81-2.96], p <0.0001) (D. G.
Jones et al., 2018). A retrospective study of 3,137 trauma patients at a Level I trauma cen-
ter from 2000-2008 investigated the effects of crystalloid infusions in elderly (70 years of
age) and non-elderly (< 70 years of age) populations (Ley et al., 2011). The results showed
that infusion of at least 1.5 liters of crystalloid was associated with significantly high-

er mortality rates in both elderly (OR 2.89, 95% CI [1.13-7.49], p=0.027) and non-elderly
patients (OR 2.09, 95% CI [1.31-3.33], p=0.002), while those who received less than one liter
of crystalloid did not have a significant increase in mortality. In the elderly population,
infusion of three or more liters of a crystalloid solution was associated with a mortality
8.61 times that of patients receiving less than three liters of crystalloid (OR 8.61, 95% CI
[1.55-47.75], p=0.014).
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Large volume crystalloid infusions result in increased mortality as they may increase
the rate of hemorrhage, dilute clotting factors, reduce the oxygen carrying capacity of
the blood through hemodilution, and contribute to an increase in cellular edema and
interstitial fluid at the microvascular level. LR is known to escalate the expression of in-
flammatory genes and increase expression of neutrophil adhesion molecules. In patients
suffering from hemorrhagic shock, high dose crystalloid use has been shown to cause
negative effects such as reduction in cardiac function, gastric dysmotility, pulmonary
complications, and coagulopathy (Alam et al., 2004; Gump et al., 1968; Jaskille et al., 2004;
D. G. Jones et al,, 2018; Ley et al., 2011). Further, only 30% of the crystalloid infused will
remain in the vasculature, resulting in a resuscitation requirement three times that of the
estimated blood loss (EBL) (Kaur et al., 2011). As a result, ATLS and PHTLS guidelines
have emphasized using limited crystalloid resuscitation to avoid the deleterious effects
of crystalloids described above (Harada et al., 2017, NAEMT, 2023).

BLOOD COMPONENT THERAPY

In cases of hemorrhage, resuscitation with blood component therapy has been tradition-
ally used in hospitals and by EMS services. Blood component therapy is the administra-
tion of the individual components of blood (plasma/platelets/red blood cells) separately.
The Prospective Observational Multicenter Major Trauma Transfusion (PROMMTT)
study (Holcomb et al., 2013) showed that a high plasma to RBC ratio and a high platelet
to RBC ratio were independently associated with a lower 6-hour mortality with resusci-
tation. In other words, infusing a higher ratio of plasma/platelets to RBCs was associated
with lower 6-hour mortality. Within the first 6 hours, patients who received a ratio <1:2
plasma or platelets to RBC had a 3 to 4 times greater mortality than patients who re-
ceived a ratio of 1:1 of plasma or platelets to RBC. The Pragmatic Randomized Optimal
Platelet and Plasma Ratios (PROPPR) trial (Holcomb et al., 2015) took the above approach
a step further, investigating the safety and efficacy of a 1:1:1 transfusion ratio of compo-
nents (plasma/platelets/red blood cells) compared to a ratio of 1:1:2 transfusion ratio for
trauma patients. In 680 trauma patients who were expected to require large blood com-
ponent transfusions, there was no appreciable difference in overall mortality at 24 hours
or 30 days between the groups. Nonetheless, the 1:1:1 ratio group's hemostasis rate was
higher and exsanguination in the first 24 hours after admission was significantly de-
creased, making the 1:1:1 ratio the standard for blood component therapy after trauma.

WHOLE BLOOD

Recently, there has been a push to have whole blood (WB), or blood that has not been
separated into its components (plasma/platelets/red blood cells) as the mainstay for
resuscitation. Compared to component therapy, studies show that WB reduces morbidi-
ty and mortality with less overall volume given (Jones et al., 2021). In 2020, Hanna et al.
examined 8,494 patients who received transfusions of WB or component therapy, finding
that WB was associated with reduced 24-hour mortality rates (17% vs. 25%; p = 0.002)
and was independently associated with lower 24-hour mortality on regression analysis
(OR 0.78, 95% CI [0.59-0.89], p=0.006). The WB group also had a significantly shorter hos-
pital length of stay (9 days vs. 15 days; p = 0.011) (Hanna et al., 2020). Patients also benefit
from WB transfusion due to a natural supply of coagulation factors, such as fibrinogen,
fibronectin, and factors V, VII, VIII, and XIII In contrast to WB, using component therapy
for resuscitation requires the administration of plasma, cryoprecipitate, and packed RBCs
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to provide the needed clotting factors. This requires clinicians using component therapy
to strike a balance between hemostasis and the patient's fluid volume status. WB also
carries less risk of infection and transfusion reactions due to recipient exposure to donor
products (Jones et al., 2021).

There are two primary factors that must be considered before administering blood in the
prehospital setting. First, are local laws and scope of practice determined by the govern-
ing agency for local EMS. While prehospital blood is carried by helicopter EMS services
(HEMS) in all 50 states, as of August 2023 only 112 ground EMS agencies may administer
blood (Holcomb et al., 2023). A second management issue is clinical need. While prehos-
pital blood administration decreases mortality, it is essential that the decision to trans-
fuse blood does not prolong the time to definitive care (Yazer et al., 2022). Patients who
will benefit from blood transfusion are those with symptomatic bleeding, regardless of
cause. Relevant symptoms include tachycardia, hypotension, and skin that is pale, cool,
and clammy. In order of preference, if available, whole blood is preferred for resuscita-
tion, followed by component therapy (plasma/platelets/red blood cells) in a 1:1:1 ratio,
plasma and red blood cells in a 1:1 ratio, and finally plasma alone or red blood cells alone
(Ravi & Puri, 2017).

Prehospital Trauma Life Support 10th edition recommends blood administration in the
following situations of uncontrolled hemorrhage or CNS injury (Table 5). In situations of
class I/1I hemorrhagic shock where hemodynamics are relatively unchanged, vascular
access should be obtained and kept patent through administration of fluid at a TKO/
KVO rate of 30mL/hr. At this stage further fluid resuscitation is unnecessary. When a
patient progresses to class III/IV hemorrhagic shock characterized by a heart rate >120
bpm with decreased blood pressure and increasing cognitive decline, blood should be
administered, if available, in order of preference described above, or fluids should be
initiated to maintain a systolic blood pressure of 80-90 mmHg (MAP of 60-65 mmHg). In
situations of CNS injury, blood or fluids should be initiated to maintain a systolic blood
pressure of at least 110 mmHg. It is important to maintain higher pressures in patients
with CNS injuries to prevent secondary brain injury resulting from hypoperfusion
(NAEMT, 2023; Spaite et al., 2017).

Heart Rate | Blood Blood
Injury type CNS Fluids/Blood
jury typ (bpm) Pressure Loss /

Clas§ [ hemo: B <100 Normal Slightly anxious <15% 1V fluid at TKO/KVO rate of 30mL/hr
rhagic shock
Classf I hemi’r' >100 Normal Moderately anxious | 15%-30% | IV fluid at TKO/KVO rate of 30mL/hr
rhagic shock
Class III hemor- De- o, _ano. | Titrate fluid or add blood§ to maintain SBP
rhagic shock* >120 creased Confused 30%-40% 80-90 mmHg (MAP 60-65 mmHg)
Class IV hemor- De- . o Titrate fluid or add blood§ to maintain SBP
rhagic shock* >140 creased Lethargic >40% 80-90 mmHg (MAP 60-65 mmHg)

. GCS<8, Unrespon- Titrate fluid or add blood§ to maintain SBP
CNS Injury <60 Increased sive on AVPU criteria N/A 110 mmHg

*Management is for uncontrolled hemorrhage

§In order of preference: 1) whole blood, 2) 1:1:1 blood component therapy, 3) 1:1 plasma/red blood cells, 4) plasma alone, 5) red
blood cells alone, 6) NS/LR

Table 5. Managing fluid resuscitation for uncontrolled hemorrhage or CNS injury (Prehospital Trauma
Life Support, 2023; Ravi & Puri, 2017; Ter Avest et al., 2021).
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CURRENT INNOVATIONS/FUTURE DIRECTIONS

It is well established that whole blood (WB) administration improves outcomes in those
patients requiring large volume infusions due to hemorrhage, and while best practices
within hospitals are shifting towards preferential administration of WB, the majority of
ground EMS agencies do not carry any blood products (Hanna et al., 2020; Holcomb et
al., 2023). Lessons can be learned from Maryland’s prehospital low titer O + WB program
(Levy et al., 2024), where they state sourcing their blood was the major barrier to imple-
mentation, with the program costing between $46,250 and $69,375 annually. On a large
scale, greater integration of EMS into the local trauma systems may allow for a shared
burden between EMS agencies and trauma centers both financially and logistically
through storage and distribution of blood products. Future research may benefit from
comparing hospital costs between those treated with prehospital WB and those who
were not to provide financial incentive for trauma centers to get involved in prehospital
WB programs. Current research conducted at a single center has established less red
blood cell transfusion requirements for those given prehospital WB which may translate
to lower cost, although this was not analyzed in the study (Guyette et al., 2022).

Another direction for future research is balanced crystalloids. Currently, LR serves as
a common balanced crystalloid utilized both in-hospital and in the prehospital setting.
However, a variety of balanced crystalloids exist, and minimal research has been done
comparing the outcomes between them. Curran et al. (2021) conducted a systematic
review and meta-analysis comparing outcomes between various balanced crystalloids
and called for more randomized controlled trials studying these differences as the lev-
el of evidence currently in the literature is low. Beyond the different physiologic effects
of these solutions, analysis comparing hospital outcomes and subsequent financial cost
to the patient would be invariably useful to limit the physical and financial burden

of medical care costs in the United States. Finally, on a national scale, EMS programs
would benefit from a greater focus on evidence-based research by incorporating it into
the training and continuing education requirements for all provider levels. Establishing
performance improvement initiatives between EMS agencies and trauma centers may
provide clinicians with the skills, infrastructure, and culture that promotes scholarly
practice to ensure patients receive the highest quality of evidence-based care.

CONCLUSIONS

Lactated Ringer’s will most commonly be used in those patients in class III or IV hem-
orrhagic shock as a mechanism to replace lost intravascular volume as a temporizing
measure before blood products can be given. Further, in patients showing signs of in-
fection (dyspnea, fever, pallor, hypotension) LR should be administered to capitalize on
the resuscitation benefits seen with early fluid administration in patients in septic shock.
Finally, in those patients presenting with recurrent acute pancreatitis, prehospital LR
administration is indicated. Normal saline will most commonly be used in those patients
with TBI to maintain adequate cerebral perfusion, or in crush injuries to compensate for
the fluid shift intracellularly. Hypotonic saline will be used almost exclusively to treat
intracellular dehydration, and hypertonic saline will be used almost exclusively to lower
elevated ICP. Intravenous dextrose is not utilized for fluid resuscitation but will be used
to treat the common problem of hypoglycemia in those patients where oral glucose is
contraindicated. Blood products should be preferentially administered to those patients

International Journal of Paramedicine — Number 9, January-March, 2025



Larson: Fluid Resuscitation in the Prehospital Setting

with symptomatic bleeding (class III/IV hemorrhagic shock) or in those patients with
CNS injury to maintain adequate cerebral perfusion. Whole blood is preferred, as it has
been shown to have lower mortality rates when compared to component therapy. Should
whole blood not be available, the order of preference for fluid administration in these
situations are 1:1:1 blood component therapy, 1:1 plasma/red blood cells, plasma alone,
red blood cells alone, or NS/LR (Hanna et al., 2020; Ravi & Puri, 2017) . Table 6 contains a
summary of the most common prehospital fluids and their indications.

It is essential for EMS clinicians to understand the indications, and limitations of, fluid
resuscitation in the prehospital setting. Fluid resuscitation should be used sparingly, and
the best treatment for these patients is prompt transfer to definitive care. However, in
low resource settings where transfer to definitive care may be significantly delayed, it is
the responsibility of the clinician to be conversant with the most common fluids avail-

able to them in the field.
Drug Indications Contraindications
* Blood glucose levels < 60 mg/dL
¢ Altered mental status in a known diabetic ¢ Head trauma (Increased ICP)
IV dextrose . .
® Use as a drug diluent e Hyperglycemia
e TKO rate to maintain vascular access

Signs of infection (dyspnea, fever, pallor, hypotension)

e Class III/IV hemorrhagic shock

¢ Patient describes recurrent acute pancreatitis (upper abdominal/
back pain)

¢ Infusion of blood products
® Suspected brain injury
e Crush injury

Lactated Ringers

® Traumatic Brain Injury (TBI)

e Crush Injury/Crush Syndrome ¢ No absolute contraindications

Normal Saline

® Suspected brain injury

e Severe burns

e History of heart failure, liver dis-
ease, or renal failure

Hypotonic Saline | ¢ Dehydration

;}gﬁ:tomc ¢ Increased Intracranial Pressure (ICP) ¢ No absolute contraindications
¢ Symptomatic bleeding
Whole Blood ¢ Tachycardia, hypotension, skin that is pale; cool; diaphoretic L.
or Component . * Administered as protocol allows
Therapy ¢ (Class III/IV hemorrhagic shock

¢ CNSinjury

Table 6. Common prehospital fluids and their indications.
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